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HERE IS THE FLOATING ROOF THAT Is 


First Choice 


... for the protection of volatile liquids 
from evaporation losses and fire hazards 





orton Double-Deck Floating Roofs provide the petroleum 
industry with top protection from evaporation loss and fire. The 
widespread use of this roof throughout the industry is indicative 
of its efficiency. 

When used on flat-bottom tanks storing volatile liquids that do 
not boil at normal temperature, the Horton Double-Deck Floating 
Roof stops all evaporation losses due to filling and thus is particu- 
larly recommended for use on tanks that are filled or emptied more 
than six times a year. It also eliminates practically all standing 
storage losses and reduces fire hazards. Because the Horton Float- 
ing Roof decreases corrosion, it is used efficiently on tanks storing 
sour crude oils or other corrosive products. 


The Horton Double-Deck Floating Roof pays for itself in a rela- 
tively short time when used at refineries, pipe line stations, natural 
gasoline plants, tank farms and bulk stations. Get full details from 
our nearest office. (If you are already using Horton Double-Deck 
Floating Roofs—ask ior reprint of article by CB&I Engineers on 
the operation and maintenance of floating roof tanks.) 


The photo above shows two flat-bottom tanks equipped with Horton 
Double-Deck Floating Roofs. The one at the left is 60 ft. in diam. by 
40 ft. and holds 20,000 bbls. The one on the right is 85 ft. in diam. by 
10 ft. It holds 40,000 bbls. They are located at the Nashville, Tenn., 
terminal of the Arkansas Fuel Oil Company. 
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THE HORTON 
DGUALE-ECL 
FLOATING ROOF 


...the floating roof that has the outstanding qualities 
that oil men want... double-deck construction which 
insulates the liquid and reduces surface temperature, 
an effective seal which closes the space between the 
deck and tank shell, and many other features. The view 
below shows the rolling ladder runway, adjustable roof 
supports, manholes and vents on the top deck of one of 
the Horton Floating Roofs shown above. 





Plants in BIRMINGHAM, CHICAGO and GREENVILLE, PENNSYLVANIA 


Atienta 3 : 2174 Healey Bidg. Detroit 26 1538 Lafayette Bidg. Philadelphia 3...1635—1700 Walnut Street &!dg. 
Birmingham 1 1570 North Fiftieth St. Havana 402 Abreu Bidg. New York 6 ....... 3373—165 Broadway Bidg. 
Chicago 4 2481 McCormick Bidg. Houston 1 5637 Clinton Dr. San Francisco 11 1264—22 Battery Street Sldg. 
Cleveland 15 2251 Guildhall Bidg. Los Angeles 14 1446 Wm. Fox Bidg. Tulsa 3 ; af 1634 Hunt “Ido. 


REPRESENTATIVES AND LICENSEES 


In Venezuela—Chicago Bridge & Iron Co., Ltd., Apartado 1348, Caracas 
in Argentina—Leopoldo Sol & Cia., Reconquista 558, Buenos Aires 

In France—Ateliers et Chantiers de la Seine Maritime, Paris 

in France—Constructions Metalliques de Provence, Arles-sur-Rhone 


In Canada—Horton Steel Works, Limited, Fort Erie, Ontario 
In Great Britain—Whessoe, Limited, Darlington, England 
In Great Britain—Motherwell Bridge & Engineering Company, Limted, 


—Motherwell, Scotland 

















Here is the Complete Electric Unit that 
GETS THERE, GETS THROUGH, and GETS OUT 


filet! 
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McCULLOUGH TOOL Co, Wea. ich 
































A rugged 114-ton Ford truck, with 100 
horsepower under the hood, oversize 
tires and dual rear wheels — this is the 
power base to which McCullough adds 
air brakes, air tank, compressor, power 
take-off and other equipment to 
make a complete gun-perforating 
unit that gets there fast in 
the roughest going. 
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Arrived at the well, we see the McCullough 
Truck Unit (on the right) unloading. Here 
is the sensitive McCullough Weight Indica-_ 
tor, the line sheave, with becket, switch-over | 
nipple and “Oil-Saver” packing head (a small 
blowout-preventer). In the truck, you see the 
line reel and measuring sheave, and the reels 
of cords for electrical connection to the rig. 
Overhead is a spotlight for night operation. 


Below is the operator in the truck, his hand | 
on the brake that controls the line travel, as he 
watches the shock-mounted instrument panel. 
This panel contains a two-way loud speaker, 
sonic indicator switch, line testing plug, mul- 
tiple-stage weight indicator, line speed indi- 
cator, depthometer, line-testing switch, volt- 
ohmmeter, and combination shooting switches 
—the latter so arranged that the gun cannot 
be fired accidentally. 
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The sketch at the right shows the 
complete, quickly-made hookup as 
the gun starts down the well—elec- 
trical connections made to the 
weight indicator, the loud-speaker 
and shooting switch. All these con- 
nections have different type plugs, 


“RUGGED « FAST «© SIMPLE © COMPACT » SAFE 
THE MeCullough rruck unit 


PUTS THE SHOTS WHERE THEY 


making it inbpossible to make a 
wrong hook-up. To render accidental 
shooting absolutely impossible, the 
gun cannot be fired unless the man 
on the rig holds down his shooting 
switch at the same time as the truck 
operator presses his two switches. 
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McCULLOUGH TOOL COMPANY, 5820 S. Alameda St., Los Angeles 11, Calif. 


TEXAS: Houston, Alice, Corpus Christi, McAllen, Odessa, Tyler, Victoria, Wichita Falls; OKLAHOMA: Oklahoma City, 
Guymon, Healdton; MISSISSIPPI: Laurel; NEW MEXICO: Hobbs; CALIFORNIA: Los Angeles, Avenal, Bakersfield, 





is SERVICE a Santa Maria; LOUISIANA: Houma, Lake Charles, New Iberia, Shreveport; KANSAS: Ulysses; 
” LOCATIONS EXPORT OFFICE: 30 Rockefeller Plaza, New York 20, N. Y. 
- THIS TRUCK-UNIT MAY BE PURCHASED, COMPLETELY EQUIPPED, FOR USE ONLY IN COUNTRIES OUTSIDE THE UNITED STATES 
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New 24 story City National Bank build- 
ing, where we will occupy our new home 
later this year. 
















































and widely experienced in its financial requirements, 
are here to discuss your oil and gas financing. Located 
where the major part of the Nation’s oil and gas 
activities are concentrated, we are in a position to 
approach your problems with a technical understand- 


ing that results in prompt action. 


You are invited to discuss your financing with 
our oil and gas department. 
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5 POST-WAR demand for petroleum products far exceeds the most 
optimistic estimates. It is the greatest in the history of the industry and 
is constantly increasing. 


To meet this unprecedented upturn in demand and also to insure being 
able to fill future needs of the nation and the public, “during 1947 alone 
American oil companies are investing nearly two billion dollars.” Operat- 
ing divisions of the industry thus have heavy schedules to meet. 


Present oil reserves are being drawn upon almost to capacity. In an 
effort to find new reserves, exploration work is witnessing the greatest 
activity in its history. 

Wildcatting is greater than it has been for several years, yet is not 
adequate in view of the increasing demand for petroleum. 

Construction of new plants and revamping of old ones are under way 
in the refining industry. 


Many new methods and practices are in the making looking toward 
increasing efficiency and effecting economies. It is significant that com- 
panies are making vast expenditures on new research facilities, and that 
these facilities are not confined to any one division, but cover every phase 
of operations. 


Disturbing factors are the continuing dislocations, arising from the 
war, that still harass the industry. Shortages of certain steel products is 
one of these, and has greatly retarded drilling operations. Pipe line con- 
struction has also been adversely affected and several projects have been 
held in abeyance. 


The years immediately ahead promise to be a period of great activity 
and new developments in the oil industry. The task of keeping abreast of 
things will be increased. In this connection, progress in the operating 
divisions of the industry being reflected in the papers presented before 
technical societies, trade associations, and other related groups, a selected 
list of such papers, valuable for reference, is contained in this issue. As an 
added service to aid readers in keeping informed on operating practices, 
this issue also contains a complete bibliography of important papers pub- 
lished during the last twelve months. 
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The Reference Annual is a special number, not one of the monthly issues, 





and therefore does not carry the regular features. The contents are selected 
papers of significance that have been presented during the previous year. 


Recent trends in geological-geophysical exploration 
and methods of improving use of geophysical data* 


By R. CLARE COFFIN, Stanolind Oil and Gas Company 


@ Abstract. Since 1942 the use of gravi- 
metric methods has increased in the 
United States approximately 200 per 
cent, seismic methods 50 per cent, core 
drilling 100 per cent, and the magnetic 
investigations 70 per cent. The impact 
upon geological thinking because of this 
continued increase of geophysical effort 
is discussed. Full advantage offered by 
these methods and combinations of meth- 
ods is not being made. A better use of 
the low-cost methods is pointed out. With 
the tremendous increase in the use of the 
gravity method there has not been a cor- 
responding improvement in the proper 
understanding of its possible use and its 
limitations. The gravity method is dis- 
cussed in some detail. A tremendous im- 
provement in our geological thinking and 
a better use of geophysical data are pos- 
sible by an education of “district” or 
“grass-root” geologists in geophysical 
concepts and a freer use of this informa- 
tion. A trend in this direction is noted, 
but the need of an accelerated move in 
this trend is emphasized. 


@ Introduction. The geological staffs 
of oil companies were so depleted during 
the war that a minimum of work was 
devoted to the development of new geo- 
logical ideas. The need of reserves was 
never greater and extra effort was put 
forth to make new discoveries; but this 
special effort included not new proce- 
dures but a greatly increased use of ex- 
isting techniques, with expenditures in 
geophysical exploration greatly in- 
creased, as the following figures show. 





*Presented before American Association of 
Petroleum Geologists, Chicago, Illinois, April ,4 
1946. Published in AAPG Bulletin, Vol. 30, No. 
12, December, 1946. 
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Approximately 150 gravity meters 
were in operation on oil exploration in 
the United States in November, 1945, an 
increase of 200 per cent over the activity 
of 1942. During this same period the 
seismic units increased to 324 (a 50 per 
cent rise), core drills to 52 units (a 100 
per cent increase), and magnetic ex- 
ploration 18 units (a 70 per cent in- 
crease). In fact, the geophysical explora- 
tion in some areas was limited only by 
avialable men and equipment. A notice- 
able decrease in geophysical exploration 
is recorded in the first three months of 
1946, but this exploration effort prob- 
ably will remain at approximately its 
present high level through the present 
year. 

In passing, it is of interest to record 
that similar exploration increased tre- 
mendously in Mexico and South Amer- 
ica during a similar period. Three service 
companies offering seismic and gravimet- 
ric exploration in foreign lands offer an 
index to this increased activity. This 
group alone reported a total of three 
seismic units and one gravity-meter unit 
in operation in Mexico and South Amer- 
ica in 1942, and 21 seismic units and 10 
gravity meters operating in 1945. This 
activity represents approximately 30 per 
cent of the geophysical exploration be- 
ing conducted in these countries. 

The development of an air-borne mag- 
netometer for war purposes and its adap- 
tation to general magnetic mapping is a 
revolutionary advance. The use of such 
equipment will stimulate magnetic ex- 
ploration generally and make feasible 
the investigation of areas not accessible 
by ordinary means of travel. 

Other geophysical activity at the be- 
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ginning of 1946 includes four companies 
offering soil-gas analysis and one analyz- 
ing the fluorescence of soil samples as 
a means of exploring for petroleum di- 
rect. At least two companies report the 
use of electrical methods during the 
period. 

Although there were few new devel- 
opments in geological methods during 
this period, some progress can be re- 
ported in the application of old tech- 
niques to new problems. The renewed 
interest in the Rocky Mountain states 
brought many geologists to this province 
to do surface mapping and thus restore 
an art all but lost to our profession. The 
use of insoluble residues in the pre- 
Permian beds of West Texas has been 
successful in breaking down the Ellen- 
burger formation into several recogniz- 
able units. Improved methods of logging 
shallow core holes by electrical meth- 
ods have made core drilling feasible in 
areas that formerly could not be eco- 
nomically explored because of the lack 
of recognizable shallow markers. New 
logging services include new procedures 
and improvements in the quality of data 
provided by established methods. Gam- 
ma-ray logging has become an accepted 
practice in some areas. A method of de- 
termining dips in drilling wells by elec- 
trical methods was perfected and made 
available to the industry in 1943 and 
radioactive bullet markers used in 1944 
assisted geologists in making precise the 
location of pay sands in deep wells. Seis- 
mic and gravity methods were adapted 
to work in the open ocean during the 
war period, and exploration of parts of 
the Gulf of Mexico is now under way. 

Studies neglected in recent years in- 
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clude the origin of sands, analysis of 
waters, and studies of temperature gradi- 
ents. The geologist who undertakes any 
of these special studies finds himself at 
a disadvantage because of the lack of 
material in the provinces best suited for 
investigation. The question then arises 
as to the limits we should go beyond 
those generally imposed on a drilling 
well to obtain data on all formations 
drilled. Every wildcat well is a research 
project and within certain limits should 
be so treated. The idea suggests itself 
that some cooperative scheme be initi- 
ated whereby information be obtained 
from all wells drilled within a selected 
area and thus provide data fiom nu- 
merous strata, making possible exhaus- 
tive geological research. The problem 
invites discussion not possible in this 
paper. 

An examination of our geological and 
geophysical expenditures will focus at- 
tention on that part of our exploration 
eflort that is of maximum concern. The 
exploration budgets of at least three com- 
panies whose geological and geophysical 
expense exceeds $5,000,000 yearly carry 
items for geophysical expense in excess 
of total geological expense in ratios 
ranging between 5 to 1 and 10 to 1. Ob- 
viously, the geophysical expenditures 


FIG. 1-A. Gravity contours of area in West Texas; 
contour interval 0.5 milligal. Anomalies at A and B 
produced largely by density contrasts between red- 
beds and limestone at depth of approximately 4000 
ft. Both the anomalies outline known structures. 
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that have continually increased for the 


last 10 years will remain, and properly . 


so, at a high level indefinitely. 

Analyzing the result of this tremen- 
dous effort in acquiring new data of use 
to the geologist, we should have cause to 
wonder how exhaustively this informa- 
tion is being used. Little, if any, geo- 
physical data can be analyzed to the 
point where the original interpretation 
can be made, conclusions drawn, and the 
geophysical records put aside. The prob- 
lem becomes stupendous when we realize 
that almost any well drilled necessitates 
a reconsideration and a re-study of the 
original data; in fact, the geophysical 
data in some areas require a certain 
amount of exploration by drilling be- 
fore an intelligent interpretation can be 
made. 

The purpose of this paper is to inquire 
into certain phases of the progress of 
geological thinking during this period in 
which geophysical expenditures have 
grown to such high levels. Have we been 
sufficiently alert to the advantages of- 
fered by the tremendous acceleration in 
the rate of supplying data to the geo- 
logist? From such an analysis we see the 
need of a definite trend in geological 
procedure and thinking to maintain a 
well balanced exploration program. 


We have been continually asking for 
an exploration method by which to ex- 
plore for petroleum direct. Certain meth. 
ods working to this end have not yet 
reached the stage where they are satis- 
factory. Until a direct method complete. 
ly satisfactory is developed, the geologist 
is challenged to make better use of the 


‘things now at his command. 


At the risk of being considered out of 
place in presenting these ideas before a 
geological group, rather than before a 
geophysical group, and at the risk of 
being considered elementary, the writer 
presents certain phases of geological- 
geophysical thinking that may seem trite 
but which, however, are fundamental. 
Such a repetition will attempt to prove 
that the geologist must have a better un- 
derstanding of geophysical concepts if 
he is to make better use of existing in- 
formation. 

To project geological interpretation 
beyond the initial and apparently obvi- 
ous interpretations made by the geophys- 
icist at the completion of this original 
work involves geological thinking of the 
highest order. To construct a map from 
the initial seismic data, or to draw circles 
on gravity maps outlining anomalies, is 
only the beginning of geophysical inter- 
pretation. The geological aspects of only 


FIG. 1-B. Magnetic contours of area in West Texas; 
outlined in Fig. 1-A. Contour interval, 25 gammas. 
Note magnetic anomaly at A and absence of any at B. 
Pre-Cambrian formation that produces this anomaly 
is known to be 3000 ft deeper at B than at A. 
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FIG. 2. Gravity anomaly in Tertiary-covered area of Rocky Mountains; contour 
interval, 0.5 milligal. Area characterized by pre-Tertiary structure and topog- 
raphy either of which might produce anomaly. Dips from limited seismic explo- 
ration confirm presence of shallow structure rather than pre-Tertiary topography. 


those phases of geophysical-geological 
interpretation which have not received 
their proper attention will be discussed. 
@ Coordination of geophysical explo- 
ration. No geophysical surveys employ- 
ing the commonly used devices fail to 
contribute data by which the geology of 
an area may be better understood. The 
question may be asked, “Does the infor- 
mation contribute enough to be worth 
the cost of obtaining it?” 

Any contemplated program of geo- 
physical exploration involving one or 
more methods must be based on the gen- 
eral approximation that a gravity survey 
costs per unit area ten times that of a 
magnetic survey, and a seismic survey 
ten times that of a gravity survey. The 
cost of core drilling ranges so much that 
no figure can be given that would be 
meaningful in this cost schedule. In gen- 
eral, it is more expensive per unit area 
explored than other methods and should 
be used only in special cases where other 
methods have failed. 

If the geophysical characteristics of an 
area lend themselves to exploration by 
low cost methods, a progressive order of 
work from the less expensive to the more 
costly can be used with distinct advan- 
tage in the ultimate cost of the work. 
Frequently a consideration of more im- 
portance than the ultimate cost is the 
timing of the exploration effort and the 
speed with which information is made 
available by the low cost methods. The 
question of which technique is best suited 
for any given area may require a trial, 
but within certain limits the effectiveness 
of some methods can be predicted; this 
will be discussed later. 

Rightly used, a series of geophysical 
surveys from the less costly to the more 


costly will progressively narrow the area 
of interest. Under such a program the 
value of any one survey is difficult, if 
not impossible, to determine — all com- 
bine in producing a finished product. 


The writer takes violent exception to 
the thought implied in many analyses of 
exploratory effort, wherein a series of 
discoveries is listed and the methods 
responsible for each discovery. If these 
analyses reflect accurately the methods 
employed, it is evident that the geologist 
frequently is not using the several geo- 
physical techniques in proper coordina- 
tion. Under ideal conditions the several 
methods should not be used competi- 
tively but each should contribute an es- 
sential part in the program. A simple 
statement of an actual case serves to 
illustrate the point. 

A magnetically anomalous trend sup- 
ported by a limited gravity survey pro- 
vided the incentive in leasing a 50,000- 
acre block so far ahead of the explora- 
tion for the area that the cost per acre 
was one-fifth the going price for wildcat 
acreage being paid in neighboring coun- 
ties. Core drilling followed in two se- 
lected areas in the block. In one area a 
map of a shallow marker was sufficiently 
interesting to justify a well, which dis- 
covered a new field. An anomalous pic- 
ture was obtained in the second area by 
core drilling. A limited amount of seis- 
mic work was then completed, a second 
well located, and a second field discov- 
ered. 

The area involved parts of Barton 
County, Kansas, and the two pools dis- 
covered were the Richardson and South 
Ellinwood. The original cost of the block 
was 10 cents per acre and the overall 
time from the beginning of the work to 
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the time when the second prospect was 
ready for drilling was one year. The rec- 
ords mention that one pool was discov- 
ered by core drilling and the second by 
seismic methods — what an injustice to 
the exploration effort! 

The fact that additional oil pools have 
been since discovered in the area covered 
by the original surveys but not predicted 
by the original work does not detract 
from the methods or from the coordina- 
tion employed. The original discoveries 
provide the geological characteristics of 
the area and the focal points from which 
further exploration could be planned in 
an orderly manner at a minimum 
expense. 

The simultaneous interpretation of 
two or more sets of geophysical data has 
many obvious advantages. Special ad- 
vantages of such a procedure are found 
in areas where the data from any one 
method are inferior in grade, or the re- 
sults inconclusive. In making interpreta- 
tions of several sets of data, it is vital to 
have well in mind the probable geologi- 
cal circumstances responsible for each. 
Under such conditions two sets of geo- 
physical data can be made to comple- 
ment each other. 

Magnetic and gravity exploration in 
West Texas and adjoining New Mexico 
are both effective, but for different rea- 
sons. The magnetic disturbances are re- 
lated to the structural features of pre- 
Cambrian rocks, and the local gravity 
anomalies are due largely to the density 
contrasts between the redbeds section 
and its associated salt with the “lime” 
below—two horizons that may be sev- 
eral thousand feet apart. 

The mapping of the surface forma- 
tions is justified even where the informa- 
tion itself does not have impressive sig- 
nificance, but when taken with an ade- 
quate gravity survey may be of much 
value. A single isolated outcrop of pre- 
Tertiary beds in the Tertiary-covered 
areas of the Rocky Mountains may be of 
inestimable value in helping in the in- 
terpretation of a regional gravity map. 
A few strategically placed core holes, or 
a single seismic traverse of limited ex- 
tent with a regional gravity survey may 
serve the same purpose of predicting the 
general structural picture which can be 
further explored in an orderly and well 
planned manner with a minimum of ex- 
pense. 

In dealing with several sets of geo- 
physical data, each inadequate in itself 
to provide a solution to the problem, the 
geologist is faced with the same problem 
confronting a doctor in diagnosing an 
ailment. Two different symptoms are 
many times more valuable in drawing 
the proper conclusion than one, and three 
are better than two. The sum total of the 
value of these clues may not be an alge- 
braic sum but some larger value. 

A series of marginal seismograph 
traverses obtained in an area where salt 
domes are expected may be combined 
with an inconclusive gravity survey to 
suggest whether or not a salt intrusion 
is to be expected. Again, a marginal 
seismic survey can often be combined 
with a marginal gravity survey to change 
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an area of questionable value into one 
having a third- or second-class rating 
which demands further exploration. 

Many instances have been noted where 
complete gravity surveys have outlined 
the presence of deep-seated features that 
the original seismic exploartion failed 
to find because of inadequate explora- 
tion. Under such conditions special effort 
and special techniques should be em- 
ployed to give proper attention to the 
area. Let us examine two areas where 
two or more sets of data can be used to 
the mutual benefit of both methods. 


The outlining of two gravity anomal- 


FIG. 3-A. Structure of Shoshone and Cody 
anticlines, Park County, Wyoming, Contours 
on top of Cloverly group. Interval 500 ft. 


lies in Fig. 1-A is clearly justified at 
points A and B. Subsequent exploration 
has shown both to be structurally of in- 
terest. A magnetic map (Fig. 1-B) of 
the same area outlines a magnetic an- 
omaly at A but none at B. Inasmuch as 
structure of the limestone strata at 4000 
ft is responsible for the gravity anoma- 
lies and the pre-Cambrian formations are 
responsible for the magnetic effects, it 
follows that the pre-Cambrian is much 
deeper under structure B and at A. This 
conclusion has been confirmed by drill- 
ing which places the pre-Cambrian more 
than 3000 ft deeper at B than at A. 


A prominent gravity anomaly in a Ter- 
tiary-covered area is outlined in Fig. 2. 
The area is characterized by much pre- 
Tertiary topography which permits the 
possibility that the gravity meter 
mapped only topography. A few well 
placed seismic dips eliminate this possi- 
bility. Again, the shape of the gravity 
anomaly indicates the beds providing the 
density contrasts are shallow. The fea- 
ture was explored by a core drill hole 
less than 2500 ft deep. 

@ Gravity surveys and their inter- 
pretation. The unprecedented increase 
in the use of the gravity meter in the last 


FIG. 3-B. Gravity anomaly computed from struc- 
ture outlined in Fig. 3-A. Contour interval, 0.5 
millizal. Heavy lines outline position of structures. 





























SCALE 
ble MILE, 











FIG. 3-C. Gravity anomaly of Fig. 
3-B with regional gradient added. 


FIG. 3-D. Observed gravity of structures out- 


lined in Fig. 3-A. Agreement between Fig. 3-C 
and D is fair. Inaccuracy in original structural - 
map may account for some of these differences. 
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FIG. 4-A. Structure on top of San Andres 
in vicinity of Jal, Lea County, New Mexico. 


FIG. 4-B. Gravity anomaly computed from struc- 
ture of Fig. 4-A. Contour interval, 0.5 milli- 
gal. Dashed lines from San Andres structure. 
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FIG. 4-C. Gravity anomaly of Fig. 
1-A with regional gradient added. 


FIG. 4-D. Observed gravity of area covered by Fig. 
4-A. Comparison with Fig. 4-C shows similarity of 
anomalies immediately west of village of Jal. Need of 
carefully planned survey in such areas is apparent. 


four years calls for a critical study as to 
the methods of conducting these surveys 
and the interpretation of the data. This 
A type of exploration will doubtless repeat 
the mistakes of seismic exploration 
where conclusions were made errone- 
ously with inadequate control and too 
md little, or no, attention was paid to anom- 
alous data just because we thought them 
incorrect. 

Emphasis is given to the discussion of 





















THE PETROLEUM ENGINEER, Reference Annual, 1947 


the low-cost geophysical methods not be- 
cause they are the most important—they 
are not—but because the data provided 
by these methods have been so mis- 
treated and so misunderstood that an ex- 
planation of some of their possibilities 
and limitations is in order. Up to a cer- 
tain point the problem of interpreting 
gravity and magnetic data is geophysi- 
cal; beyond this point the problem 
becomes geological, demanding an inti- 






mate knowledge of the regional and local 
geology of the area involved. 

Although it is true that several differ- 
ent distributions of materials of different 
density can be devised to satisfy any 
given gravity profile, the range of the 
geologically acceptable circumstances 
that will provide the given profile can be 
limited. It is possible to restrict this 
range of probable answers well within 
that commonly thought possible by a 
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FIG. 5-A. Gravity contours from recon- 
naissance survey of area in Mississippi. 
Salt dome is suspected in vicinity of A. 
Location of observations indicated by 
circles; contour interval, 0.2 milligal. 


proper application of techniques that can 
be developed by the geologist. 


Although the gravity meter measures 
the total gravitational effects at a given 
point, those due to the differences in the 
densities of rocks involved in the section 
to be drilled are of the most concern. 
Inasmuch as irregularities in the distri- 
bution of these densities due to struc- 
tural deformation mark the areas of in- 
terest, it becomes fundamental to deter- 
mine these differences in density. 


A direct approach to the problem is 
possible by the study of densities of cut- 
tings and cores. Much has been said as 
to the limitations of such study for this 
purpose; the fact remains it can be used 
to contribute vital information. The need 
of such an extended study in a regional 
way is necessary for the best possible 
understanding of the problem. After 
three years of more or less constant study 
of the density characteristics of cuttings, 
cores, and outcrop samples, the writer 
finds that new data are continually full 
of surprises. 


With a knowledge of the density con- 
trasts determined in a columnar section, 
the gravity effect of any part, or all, of 
the sedimentary section can be deter- 
mined in any given structural deforma- 
tion. Given the problem of exploring any 
area, the computed effect of the mini- 
mum-sized structure of interest can be 
determined. Hf the computed effect is 
measurable by a gravity meter, the prob- 
lem becomes workable if a pattern of 
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observations suitable for detection of 
such a structure is selected. 
Fortunately, the whole seheme is sub- 
ject to a fairly rigid test. The gravity 
anomaly of a known structure well con- 
trolled by subsurface data can be com- 
puted from the density data at hand and 
checked against an actual field survey. 
If the comparison is proved satisfactory, 
confidence is established in the method 
and the possibilities of using the gravity 
meter effectively. Measured by such 
standards numerous gravity surveys fall 


far short of accomplishing the thing they 
were designed to do. 

Two areas have been selected to illus- 
trate the analysis outlined. The Sho- 
shone anticline in Park County, Wyo. 
ming, having structural relief of 1000 f 
and a width of one mile, produces an 
anomaly of 3 milligals that is readily 
recognized. A marginal structure in the 
vicinity of Jal, Lea County, New Mexico, 
produces an anomaly of 0.3 milligal, 
which can be detected in the strong re- 
gional gradient of the area only by a well 
planned and carefully executed gravity 
survey. 


The Shoshone anticline is outlined in 
Fig. 3-A, which with the densities of the 
formations involved permits the deter- 
mination of the gravity effect at as many 
points as desired. Fig. 3-B, resulting 
from such a computation, outlines the 
gravity effects of the structure only. To 
these effects has been added a regional 
gradient determined by study of the re- 
gional gravity map. Fig. 3-C outlines this 
combination, which can be compared 
with the observed gravity Fig. 3-D. The 
two maps agree that the total anomaly is 
approximately 3 milligals. The greater 
length of the anomaly outlined by the 
observed gravity is due to the inaccura- 
cies of the original structural map and 
an inadequate number of stations com- 
puted. 


Fig. 4-A outlines a small structure on 
the top of the “lime” in the vicinity of 


FIG. 5-B. Gravity contours from de- 
tailed survey of area shown in Fig. 
5-A. Evidence of “caprock” indi- 
cates piercement salt dome con- 
firmed by subsequent drilling. Note 
observations indicating presence of 
“cap” limited to one square mile. 
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FIG. 6-A. Gravity contours over Altus field, in 
Jackson County, Oklahoma. Dashed contours, out- 
line, by 100-ft intervals, structure on top of Can- 
yon formation. Stippling encloses productive area. 


Jal. The computed anomaly is mapped 
on Fig. 4-B. In order to make a compari- 
son with the observed gravity Fig. 4-D, it 
hecomes necessary to add to the local 
anomaly a regional gradient; this com- 
bination is shown in Fig. 4-C. A compari- 
son of Fig. 4-C and Fig. 4-D shows the 
similarity of the anomaly immediately 
west of Jal. A survey capable of detect- 
ing this structure need ne planned with 
care. The anomaly noted southeast of Jal 
on the observed gravity map is the ex- 
pression of a second structural feature in 
this vicinity that was not considered in 
the calculated gravity effects of the Jal 
structure. 

Many surveys are inadequately con- 
trolled and thus fail where they should 
succeed marvelously. One typical ex- 
ample is outlined (Fig. 5-A) where a 
casual survey suggested an anomaly that 
could be outlined in a general way by 
the original investigation. The presence 
of the “caprock” of a piercement salt 
dome was apparent only after a detailed 
survey (Fig. 5-B). The need of the dense 
pattern of observations is obvious by 
comparing the two maps. The observa- 
tions revealing the presence of the “cap” 
are confined to approximately one square 
mile. 

Few gravity surveys can be properly 
completed without an intimate knowl- 
edge of the geology of the surface forma- 
tion. Different formations at outcrop 
generally require a change in density 
{actors used and the limitations of prob- 
able error in terrane correction and 
other near-surface effects are better un- 
derstood by field observations. Such in- 
formation is obtained best in the field by 
a geologist who understands the geo- 
physical problem. 

A further analysis of gravity interpre- 
tation includes a brief discussion of im- 
portant phases of the problem. 


@ Direct interpretation of local anom- 


alies in terms of local structure. The 
‘ability of the gravity method to outline 


local structures requiring no further ex- 
ploration ahead of the drilling operation 
is possible only in limited areas. The 
exploration of salt domes is, of course, 
an example of gravity work at its best. 
Other areas, however, have been ex- 
plored by this method to the point re- 
quiring little, if any, additional expendi- 
tures ahead of the drilling operation. 

Any structure having considerable 
vertical relief that brings formations with 
pronounced density contrasts near the 
surface can be outlined by the gravity 
method. The adequacy of such explora- 
tion is determined by the depth to the 
interface bounding the formations of 
different density, the density contrast, 
the vertical height of the structure and 
its width. 

The Altus structure in Jackson County 
of southern Oklahoma is outlined well 
by this method (Figs. 6-A and B). Simi- 
lar structures that can be explored with 
equal satisfaction, are commonly found 
adjacent to uplifts bringing pre-Cam- 
brian formations or massive limestones 
to shallow depths. The Hobbs field, in 
Lea County, New Mexico, which is a 
large structure buried at considerable 
depth, was discovered by gravity and 
magnetic exploration. No other explora- 
tion preceded the drilling of the discov- 
ery well. 

It is of interest in retrospect to note 


how adequately gravity exploration did- 


outline prospective fields, although other 
types of exploration were subsequently 
employed. The Stratford dome drilled by 
the Indian. Territory Illuminating Oil 
Company in the Texas Panhandle, in 
Sherman County, Texas, provides an 
example. The writer is advised that this 
company took the original block on the 
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FIG. 6-B. Residual gravity map of 
Altus pool shown in Fig. 6-A. 


basis of magnetic exploration and com- 
pleted some additional work prior to 
drilling the first well. 

An analysis of the gravity Fig. 7-A 
and B, and magnetic data Fig. 7-C, in 
the vicinity of this structure is of special 
interest. Both types of exploration have 
done marvelously well in outlining the 
interesting area and afford opportunity 
to emphasize the need of understanding 
the geological factors involved. The den- 
sity and magnetic characteristics of the 
sediments and pre-Cambrian rocks en- 
countered in a deep well drilled on this 
structure have been determined by lab- 
oratory study and have made possible 
the construction of the profiles shown. 

The gravity anomaly is due largely to 
the structural relief of the brown dolo- 
mite at a depth of 2000 ft and its density 
contrast with the overlying redbeds. The 
magnetic anomaly is due to the structural 
relief of the pre-Cambrian rocks at the 
depth of 5000 ft. 

A comparison of the gravity profile 
(Fig. 7-D, Gravity “A”) computed from 
the known density contrasts and the 
structures outlined by drilled wells, with 
the observed profile provides a satisfac- 
tory fit. Any attempt to assign the density 
contrasts to any surface below the brown 
dolomite, such as the pre-Cambrian sur- 


- face, gives a profile (Fig. 7-D, Gravity 


“B”) so far removed from the observed 
as to leave no doubt as to which interpre- 
tation is preferable. 

Three curves have been constructed of 
magnetic profiles (Fig. 7-D, Mag- 
netic) : One from the observed anomaly, 
a second (Magnetic “A”) on the assump- 
tion that the magnetic effects are con- 
fined to the pre-Cambrian rocks, and a 
third (Magnetic “B”) computed on the 
assumption that the magnetic effects 
emanate from some formation above the 
pre-Cambrian in the position of the 
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Partial view of most re- 
cently installed GMV’s 
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due gas service. Large 10 
E cylinder, 1000 hp GMV is 
shown at bottom from 
crankdoor side. 
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HE photos on these pages give only an 
inkling of the 15,830 Cooper-Bessemer 


horsepower serving the El Paso Natural 
Gas Company at Jal, New Mexico. Most of 


‘ ; approximately 7,000,000 cubic feet of gas 
the units are modern, long-lived GMV-angle 





a day. 
compressors, with six, eight, and ten cyl- 
inder V-type engines, for pipe line trans- In El Paso Natural Gas Company operations 
mission of field gas, for refrigeration service as a whole, Cooper-Bessemer to date has 
in gasoline extraction, and for transmission supplied 44,680 out of a total 52,980 com- 
of residue gas into the main line system. pressor horsepower. Now, 25 more GMV’'s 
Still other Cooper-Bessemers provide for re- for field and main line service are on the 
a pressuring, vapor re-compressing, and elec- way... an additional 23,800 horsepower! 
~~ trical power generation. 
Companies who use GMV’s who have had 
Most recent addition, shown in the photos experience with these fine, modern units, 
opposite, consists of a 1000 hp GMV-10 and re-order again and again as new needs 
eight 6-cylinder, 600 hp GMV’s .. . all for arise. Don’t you think that’s just about the 
sia compressing residue gas. The GMV-10, driv- best kind of evidence of outstanding per- 








ing four compressor cylinders, alone handles formance? 
5 fy Cooper-Bessemer 
MOUNT VERNON, OHIO AND GROVE CITY, PENNA. 


Vash Houston, Dallas, Greggton, Pampa and Odessa, Texas Tulsa Shreveport St. Louis Los Angeles 
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brown dolomite. A comparison of these 
profiles proves that the observed mag- 
netic anomaly is due to magnetically 
active beds at least at the depth of the 
pre-Cambrian. The lack of closer coinci- 
dence of the profile of the observed an 
omaly with the profile representing the 
effect of the pre-Cambrian rocks may be 
due to our inability to reconstruct accu- 
rately the pre-Cambrian surface. 

The evidence clearly establishes the 
fact that two different geological factors 
are responsible for the observed geophys- 
ical anomalies. The formations involved 
are in this particular case 3000.ft apart. 


Correlative to the discussion at this point 
it seems possible in such a structure to 
predict roughly the thickness of sedi- 
ments ahead of the drilling operation. 

@ Use of gravity surveys to direct ad 
ditional exploration. Exploration by a 
gravity meter has low resolving powe1 
but is the means by which areas can be 
explored rapidly. Localizing areas of 
possible interest for intensive explora- 
tion by seismic or other means rightly 
commands a major part of the coordi- 
nated effort of this method in oil explora- 
tion, But the possible guidance of a prop- 
erly processed and adequately controlled 


gravity survey should include much more 
than the simple expedient of indicating 
selected areas for further study. The 
greater value lies in the possibility of 
outlining the structural pattern of an 
unexplored area to point the way to the 
major features, and thus outline a long 
range program with emphasis on the 
major trends. 

The analyses of a series of gravity 
anomalies can place them in an order of 
preference with intervening areas of 
doubtful value. A properly planned seis. 
mic exploration program that discovers 
the focal points of interest or the trends 


FIG. 7-A. Gravity contours over Stafford field, in 
Sherman County, Texas. Dashed contour lines 
from structural map on top of Brown dolomite. 


FIG. 7-B. Residual gravity map of 
Stafford field shown in Fig. 7-A. 


















































NO 


”) 
S 














SNNINEES 








AAA SSS 





ATANIWS 


\\A\. 























= +1000meY” 











FIG. 7-C. Magnetic contours over Stafford field 
shown in Fig. 7-A. Contour interval, 25 gammas. 


FIG. 7-D. Geological cross section of Stafford field shown 
in Fig. 7-A with gravity and magnetic profiles. Observed 
profiles (heavy lines) compare favorably with values (dashed 
lines) of computed gravity “A” and computed magnetic “A”. 
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FIG. 5-A. Gravity contours from recon- 
naissance survey of area in Mississippi. 
Salt dome is suspected in vicinity of A. 
Location of observations indicated by 
circles; contour interval, 0.2 milligal. 


proper application of techniques that can 
be developed by the geologist. 


Although the gravity meter measures 
the total gravitational effects at a given 
point, those due to the differences in the 
densities of rocks involved in the section 
to be drilled are of the most concern. 
Inasmuch as irregularities in the distri- 
bution of these densities due to struc- 
tural deformation mark the areas of in- 
terest, it becomes fundamental to deter- 
mine these differences in density. 


A direct approach to the problem is 
possible by the study of densities of cut- 
tings and cores. Much has been said as 
to the limitations of such study for this 
purpose; the fact remains it can be used 
to contribute vital information. The need 
of such an extended study in a regional 
way is necessary for the best possible 
understanding of the problem. After 
three years of more or less constant study 
of the density characteristics of cuttings, 
cores, and outcrop samples, the writer 
finds that new data are continually full 
of surprises. 


With a knowledge of the density con- 
trasts determined in a columnar section. 
the gravity effect of any part, or all, of 
the sedimentary section can be deter- 
mined in any given structural deforma- 
tion. Given the problem of exploring any 
area, the computed effect of the mini- 
mum-sized structure of interest can be 
determined. If the computed effect is 
measurable by a gravity meter, the prob- 
lem becomes meen 4f a pattern of 
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observations suitable for detection of 
such a structure is selected. 
Fortunately, the whole seheme is sub- 
ject to a fairly rigid test. The gravity 
anomaly of a known structure well con- 
trolled by subsurface data can be com- 
puted from the density data at hand and 
checked against an actual field survey. 
If the comparison is proved satisfactory, 
confidence is established in the method 
and the possibilities of using the gravity 
meter effectively. Measured by such 
standards numerous gravity surveys fall 


far short of accomplishing the thing they 
were designed to do. 

Two areas have been selected to illus. 
trate the analysis outlined. The Sho. 
shone anticline in Park County, Wyo- 
ming, having structural relief of 1000 fi 
and a width of one mile, produces an 
anomaly of 3 milligals that is readily 
recognized. A marginal structure in the 
vicinity of Jal, Lea County, New Mexico, 
produces an anomaly of 0.3 milligal, 
which can be detected in the strong re- 
gional gradient of the area only by a well 
planned and carefully executed gravity 
survey. 


The Shoshone anticline is outlined in 
Fig. 3-A, which with the densities of the 
formations involved permits the deter- 
mination of the gravity effect at as many 
points as desired. Fig. 3-B, resulting 
from such a computation, outlines the 
gravity effects of the structure only. To 
these effects has been added a regional 
gradient determined by study of the re- 
gional gravity map. Fig. 3-C outlines this 
combination, which can be compared 
with the observed gravity Fig. 3-D. The 
two maps agree that the total anomaly is 
approximately 3 milligals. The greater 
length of the anomaly outlined by the 
observed gravity is due to the inaccura- 
cies of the original structural map and 
an inadequate number of stations com- 
puted. 


Fig. 4-A outlines a small structure on 
the top of the “lime” in the vicinity of 


FIG. 5-B. Gravity contours from de- 
tailed survey of area shown in Fig. 
5-A. Evidence of “caprock” indi- 
cates piercement salt dome con- 
firmed by subsequent drilling. Note 
observations indicating presence of 
“cap” limited to one square mile. 
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FIG. 6-A. Gravity contours over Altus field, in 
Jackson County, Oklahoma. Dashed contours, out- 
line, by 100-ft intervals, structure on top of Can- 
yon formation. Stippling encloses productive area. 


Jal. The computed anomaly is mapped 
on Fig. 4-B. In order to make a compari- 
son with the observed gravity Fig. 4-D, it 
lecomes necessary to add to the local 
anomaly a regional gradient; this com- 
bination is shown in Fig. 4-C. A compari- 
son of Fig. 4-C and Fig. 4-D shows the 
similarity of the anomaly immediately 
west of Jal. A survey capable of detect- 
ing this structure need ne planned with 
care. The anomaly noted southeast of Jal 
on the observed gravity map is the ex- 
pression of a second structural feature in 
this vicinity that was not considered in 
the calculated gravity effects of the Jal 
structure. 

Many surveys are inadequately con- 
trolled and thus fail where they should 
succeed marvelously. One typical ex- 
ample is outlined (Fig. 5-A) where a 
casual survey suggested an anomaly that 
could be outlined in a general way by 
the original investigation. The presence 
of the “caprock” of a piercement salt 
dome was apparent only after a detailed 
survey (Fig. 5-B). The need of the dense 
pattern of observations is obvious by 
comparing the two maps. The observa- 
tions revealing the presence of the “cap” 
are confined to approximately one square 
mile. 

Few gravity surveys can be properly 
completed without an intimate know]- 
edge of the geology of the surface forma- 
tion. Different formations at outcrop 
generally require a change in density 
factors used and the limitations of prob- 
able error in terrane correction and 
other near-surface effects are better un- 
derstood by field observations. Such in- 
formation is obtained best in the field by 
a geologist who understands the geo- 
physical problem. 

A further analysis of gravity interpre- 
tation includes a brief discussion of im- 
portant phases of the problem. 








@ Direct interpretation of local anom- 
alies in terms of local structure. The 
ability of the gravity method to outline 
local structures requiring no further ex- 
ploration ahead of the drilling operation 
is possible only in limited areas. The 
exploration of salt domes is, of course, 
an example of gravity work at its best. 
Other areas, however, have been ex- 
plored by this method to the point re- 
quiring little, if any, additional expendi- 
tures ahead of the drilling operation. 

Any structure having considerable 
vertical relief that brings formations with 
pronounced density contrasts near the 
surface can be outlined by the gravity 
method. The adequacy of such explora- 
tion is determined by the depth to the 
interface bounding the formations of 
different density, the density contrast, 
the vertical height of the structure and 
its width. 

The Altus structure in Jackson County 
of southern Oklahoma is outlined well 
by this method (Figs. 6-A and B). Simi- 
lar structures that can be explored with 
equal satisfaction, are commonly found 
adjacent to uplifts bringing pre-Cam- 
brian formations or massive limestones 
to shallow depths. The Hobbs field, in 
Lea County, New Mexico, which is a 
large structure buried at considerable 
depth, was discovered by gravity and 
magnetic exploration. No other explora- 
tion preceded the drilling of the discov- 
ery well. 

It is of interest in retrospect to note 
how adequately gravity exploration -did 
outline prospective fields, although other 
types of exploration were subsequently 
employed. The Stratford dome drilled by 
the Indian Territory Illuminating Oil 
Company in the Texas Panhandle, in 
Sherman County, Texas, provides an 
example. The writer is advised that this 
company took the original block on the 
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FIG. 6-B. Residual gravity map of 
Altus pool shown in Fig. 6-A. 


basis of magnetic exploration and com- 
pleted some additional work prior to 
drilling the first well. 

An analysis of the gravity Fig. 7-A 
and B, and magnetic data Fig. 7-C, in 
the vicinity of this structure is of special 
interest. Both types of exploration have 
done marvelously well in outlining the 
interesting area and afford opportunity 
to emphasize the need of understanding 
the geological factors involved. The den- 
sity and magnetic characteristics of the 
sediments and pre-Cambrian rocks en- 
countered in a deep well drilled on this 
structure have been determined by lab- 
oratory study and have made possible 
the construction of the profiles shown. 

The gravity anomaly is due largely to 
the structural relief of the brown dolo- 
mite at a depth of 2000 ft and its density 
contrast with the overlying redbeds. The 
magnetic anomaly is due to the structural 
relief of the pre-Cambrian rocks at the 
depth of 5000 ft. 

A comparison of the gravity profile 
(Fig. 7-D, Gravity “A” ) computed from 
the known density contrasts and the 
structures outlined by drilled wells, with 
the observed profile provides a satisfac- 
tory fit. Any attempt to assign the density 
contrasts to any surface below the brown 
dolomite, such as the pre-Cambrian sur- 
face, gives a profile (Fig. ,7-D, Gravity 


..“B”) so far removed from the observed 


as to leave no doubt as to which interpre- 
tation is preferable. ~ 
Three curves have been constructed of 


magnetic pfofiles (Fig. 7-D, Mag- 


netic) : One from the observed anomaly, 
a second (Magnetic “A”) on the assump- 
tion that the magnetic effects are con- 
fined to the pre-Cambrian rocks, and a 
third (Magnetic “B”) computed on the 
assumption that the magnetic effects 
emanate from some formation above the 
pre-Cambrian in the position of the 
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For Dependable Cooper-Bessemers 


Partial view of most re- 
cently installed GMV’s 
totaling 5,800 hp for resi- 
due gas service. Large 10 
B cylinder, 1000 hp GMV is 
a@@shown at bottom from 
wae crankdoor side. 
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HE photos on these pages give only an 

inkling of the 15,830 Cooper-Bessemer 
horsepower serving the El Paso Natural 
Gas Company at Jal, New Mexico. Most of 
the units are modern, long-lived GMV-angle 
compressors, with six, eight, and ten cyl- 
inder V-type engines, for pipe line trans- 
mission of field gas, for refrigeration service 
in gasoline extraction, and for transmission 
of residue gas into the main line system. 
Still other Cooper-Bessemers provide for re- 
pressuring, vapor re-compressing, and elec- 
trical power generation. 


Most recent addition, shown in the photos 
opposite, consists of a 1000 hp GMV-10 and 
eight 6-cylinder, 600 hp GMV’s . .. . all for 
compressing residue gas. The GMV-10, driv- 
ing four compressor cylinders, alone handles 








approximately 7,000,000 cubic feet of gas 
a day. 


In El Paso Natural Gas Company operations 
as a whole, Cooper-Bessemer to date has 
supplied 44,680 out of a total 52,980 com- 
pressor horsepower. Now, 25 more GMV’‘s 
for field and main line service are on the 
way... an additional 23,800 horsepower! 


Companies who use GMV’s who have had 
experience with these fine, modern units, 
re-order again and again as new needs 
arise. Don’t you think that’s just about the 
best kind of evidence of outstanding per- 
formance? 


Cooper-Bessemer 


5 by 


a Houston, Dallas, Greggton, Pampa and Odessa, Texas Tulsa 


MOUNT VERNON, OHIO AND GROVE CITY, PENNA. 
St. Louis 


Shreveport Los Angeles 
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brown dolomite. A comparison of these 
profiles proves that the observed mag- 
netic anomaly is due to magnetically 


active beds at least at the depth of the- 


pre-Cambrian. The lack of closer coinci- 
dence of the profile of the observed an- 
omaly with the profile representing the 
effect of the pre-Cambrian rocks may be 
due to our inability to reconstruct accu- 
rately the pre-Cambrian surface. 

The evidence clearly establishes the 
fact that two different geological factors 
are responsible for the observed geophys- 
ical anomalies. The formations involved 
are in this particular case 3000 ft apart. 


Correlative to the discussion at this point 
it seems possible in such a structure to 
predict roughly the thickness of sedi- 
ments ahead of the drilling operation. 

@ Use of gravity surveys to direct ad- 
ditional exploration. Exploration by a 
gravity meter has low resolving power 
but is the means by which areas can be 
explored rapidly. Localizing areas of 
possible interest for intensive explora- 
tion by seismic or other means rightly 
commands a major part of the coordi- 
nated effort of this method in oil explora- 
tion. But the possible guidance of a prop- 
erly processed and adequately controlled 


FIG. 7-A. Gravity contours over Stafford field, in 


Sherman County, Texas. Dashed contour lines 
from structural map on top of Brown dolomite. 


gravity survey should include much more 
than the simple expedient of indicating 
selected areas for further study. The 
greater value lies in the possibility of 
outlining the structural pattern of an 
unexplored area to point the way to the 
major features, and thus outline a long 
range program with emphasis on the 
major trends. 

The analyses of a series of gravity 
anomalies can place them in an order of 
preference with intervening areas of 
doubtful value. A properly planned seis- 
mic exploration program that discovers 
the focal points of interest or the trends 


FIG. 7-B. Residual gravity map of 
Stafford field shown in Fig. 7-A. 
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FIG. 7-C. Magnetic contours over Stafford field 
shown in Fig. 7-A. Contour interval, 25 gammas. 
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FIG. 7-D. Geological cross section of Stafford field shown 
in Fig. 7-A with gravity and magnetic profiles. Observed 
profiles (heavy lines) compare favorably with values (dashed 
lines) of computed gravity “A” and computed magnetic “A”’. 
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Exploration for oil has now covered much of the world, yet new pools are 
consistently being discovered in areas previously over-looked. Credit must go 
to the scientists and engineers, the men who use the most modern methods of 
determining where oil may be found. Today, oil is discovered on the drawing 
board, in the laboratory, in the field equipment and interpretation offices of 
the technicians utilizing precision seismic surveys to indicate sub-surface 
formations. 
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FIG. 8-A. Contour map from seismic survey of area 
in Mississippi. Circles indicate points of observa- 
tion. Note syncline outlined southwest of ‘A”’. 


in a given area early in the investigation 
has many advantages and can complete 
the work with a minimum of time and 
expense. 

Frequently an exploration method 
suitable for the average problem in a 
given province needs modification in se- 
lected areas to give proper emphasis to 
areas of deep-seated structural anom- 
alies. Gravity surveys have pointed the 
way to many such areas where special 
effort has revealed features of interest 
not suspected by the original work. Fig. 
8-A is the result of a reconnaissance seis- 
mic survey that presumably adequately 
explored the area. A study of the gravity 
map (Fig. 8-B) prompted additional de- 
tailed work which provided a map (Fig. 
8-C) unlike the original one. 


@ Analysis of gravity data as aid to 
questionable geological interpretation. 
The analysis of gravity data can be used 
frequently to select the more probable 
of two alternate interpretations of geo- 
logical information. Occasionally it can 
be used to prove that an existing inter- 
pretation of sabsurface information can 
not prevail, even though it cannot pro- 
vide a solution that is unique. 

With an accurate knowledge of the 
density characteristics of a sedimentary 
section, the anomaly that would be pro- 
duced by any supposed structure can be 
computed. Frequently a comparison of 
such a computed anomaly with the ob- 
served gravity will make it necessary to 
discard the supposed structure as geo- 
logically impossible. Even if the method 
may not provide a unique interpretation, 
to prove the geological interpretation 
wrong or unlikely is to make a substan- 
tial contribution to the exploration effort. 

The geologist is aided frequently by 
the application of the simplest concepts 
of the use of gravity maps. The geologist 
working in a basin known to have salt 
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FIG. 8-B. Gravity map of area outlined in Fig. 
8-A. Anomaly near point A is obvious and 
throws doubt upon adequacy of seismic map. 








FIG, 8-C. Final 








seismic map of 
area shown in Fig. 
8-A after resurvey 
with detailed 
work. Although 
structural anom- 
aly at A is small, 
it may be of in- 
terest in deeper 
strata. 






































intrusions, such as the East Texas basin, 
is naturally inclined to assume that all 
wells not known to be structurally low 
are on some part of a salt uplift. With a 
“salt Gome consciousness” the geologist 
outlines all his structures as salt domes 
and his map, wherever possible, is a 
series of circular uplifts tangent to each 
other. The use of a gravity map will im- 
mediately classify the “salt uplifts” into 
those which are probable and _ those 
which do not likely exist. 

Faulting commonly provides the most 
prominent density contrasts to be found 
in gravity exploration. Obviously, the 
distribution of density contrasts due to 
thrust faulting is unlike that produced 
by normal faulting of equal vertical dis- 


placement. Occasionally these differ- 
ences are such that a gravity survey will 
suggest the type of disturbance. The con- 
struction of gravity profile assuming a 
normal fault may differ so much from 
one constructed on the basis of a thrust 
that a comparison of both profiles with 
the observed profile will suggest the 
nature of the faulting. An illustration of 
such a problem is presented later. 

@ Use of gravity data in study of re- 
gional geology. Where the regional 
gravity features are not obscured by iso- 
static adjustments, or other extraneous 
effects, the gravity information can be 
used frequently to give important clues 
as to the regional geology. These re- 
gional features may be of the utmost 
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importance in suggesting the major 
structural trends of the area or in bound- 
ing interesting provinces having a com- 
mon geological history. 

The possible extension and limits of 
the Appalachian environment are sug- 
gested by the “grain” of the regional 
gravity and magnetic features in Georgia 
and Florida. The possible limits of basins 
within which salt movement of consider- 
able proportions has taken place are 
suggested by certain regional gravity 
naps. 

The faulted zone in southeastern Okla- 
lioma, which is bounded on the west by 
the Choctaw fault, has a width of 50 
miles. The regional gravity features 
point to the probability that this zone 
must be narrowed to 40 miles or less in 
the latitude of Dallas, and still less south 
of this point. Certain possible interpreta- 
tions of the mechanics of this zone are 
suggested by the major gravity features 
hut can not be discussed in this paper. 

Regional gravity surveys on the south- 
west side of the Wind River Mountains, 
in Wyoming, provide evidence of the 
thrust character of these mountains. Fig. 
Y outlines an observed gravity profile 
across this mountain front. Three com- 
puted profiles are shown using density 
contrasts which can be assigned to the 
beds involved with some confidence. One 
is computed on the assumption of a 
normal fault of 30° hade, a second on 
the assumption of a vertical fault, and a 
third on a basis of 45° angle thrust. A 
comparison of these profiles favors the 
thrust character of the faulting. 

Problems on a smaller scale lend 
themselves to a similar analysis wherever 
beds of considerable thickness but of dis- 
tinctly different density contrasts are 
brought in contact by faulting. 

@ Advantages of acquainting geolo- 
gists with geophysical concepts. We 
have discussed for years the problem of 
how best to coordinate the work of the 


geologists and geophysicists. The follow- 
ing suggestions may not be new to many 
exploration units, but for some it may be 
a bit “left of center” or “right of center,” 
depending upon the viewpoint. With em- 
phasis on the better use of the low cost 
methods, the problem of geological in- 
terpretation becomes more involved and 
solutions other than the ones commonly 
considered suggest themselves. 

The constant accumulation of quanti- 
ties of geophysical data of many differ- 
ent sorts makes stupendous the problem 
of evaluating all of these data in terms of 
current problems which change rapidly. 
The many different procedures by which 
this can be done will not be a part of 
this analysis; however, one important 
phase of the problem follows that has 
tremendous possibilities of making bet- 
ter use of geophysical data. 

Does it occur to you that the district or 
“grass roots” geologist may have many 
facts and alternate proposals explaining 
a given set of geological data besides the 
one he thinks most likely and which is 
the subject of his usual report with rec- 
ommendations? Armed with geophysical 
data and with proper help in their use, 
he might find that his alternate solution 
satisfies both the geological facts as well 
as the geophysical data. Correlative to 
this thought is the possibility that the 
geophysical data would be the means of 
suggesting the alternate geological solu- 
tion. Certainly, much is to be gained by 
a proper analysis of the geophysical data 
at the point of origin of new geological 
ideas. 

The writer does not propose to make 
geophysicists of our “district” geologists, 
but he does contend that the geologist 
can be made to understand the basic geo- 
physical concepts of the several geo- 
physical methods and so better under- 
stand the limitation of each method and 
the data that each provides. Certainly, 
the possibilities of unpredicted velocity 


FIG. 9. Gravity profile and cross section on southwest flank of Wind 
River Mountains, Sublette and Fremont counties, Wyoming. Computations 
of gravity are shown for (1) normal, (2) vertical, and (3) thrust faults. 
Comparison with observed gravity favors thrust character of faulting. 
































MG 
so-—— 
40=—— 
A0—— 
oo 
10 ——— 
oa = seoee®? >NE 
0 —— SOUTH PASS 
pence BIAPEE 
A$ —$<——— ote, 
ee /\ GRANITE 
, | x 
SEDIMENTARY ROCKS / a 
/ 30 4e— 4? °. 
NQBMAL VERTICAL THRUST L2 miles 4 
62 


ohanges in the weathered layer and 
changes in its thickness are no more dif- 
ficult to comprehend than the use of the 
electrical and gamma-ray logs that the 
geologist continually interprets. He can 
as readily learn to appreciate the fact 
that an unconformity may bring beds 
of unlike density in contact in sufficient 
quantity to become a problem for gravity 
exploration as he has learned to corre- 
lated insoluble residues. Faced with the 
necessity of assisting in the interpreta- 
tion of geophysical data the geologist on 
the ground is in a position to see that the 
best possible geological facts are forth- 
coming by which to process these data. 

Too frequently we as geologists have 
dumped our geological problems into the 
laps of the geophysical departments and 
have become inert in regard to any new 
geological thinking. Too often we have 
become scouts simply reporting geolog- 
ical data or bookkeepers and clerks in a 
highly complex oil-finding organization. 
To what group, or individual, do we look 
for new ideas in our day to day prob- 
lems? If we look to the geologist on the 
ground, the one nearest the source of 
geological data, he should be a member 
of the group that makes the final assem- 
bly of the total information. It is obvious 
that the geologist responsible for the 
current recommendations should be able 
to grasp geophysical concepts. 

An increase in the number of geolo- 
gists in the Society of Exploration Geo- 
physicists marks a trend, however small. 
in the right direction. In 1940 approxi- 
mately 7 per cent of our members had 
qualified and were on the roles of the 
S.E.G. In 1945 almost 9 per cent held 
membership in both societies. Inasmuch 
as the predominate expense of the oil- 
finding effort with which the geologist is 
concerned is so overwhelmingly geophys- 
ical, and will remain so in the foresee- 
able future, it should concern all of us 
to see that these percentages reach high- 
er levels. 

The most important reason the geolo- 
gist, and especially the district geologist, 
should become acquainted with geophys- 
ical data to the point where he can use 
them under guidance is that such data 
can be the means of stimulating his im- 
agination toward the birth of new ideas. 

The optimum in geological-geophys- 
ical interpretation will be reached when 
one individual, or group of individuals, 
acts as a focus for all the geophysical 
data and geological information for final 
analysis. Obviously, the geologist on the 
ground who presumably is most familiar 
with the problems must be one of this 
group, and insofar as it is possible for 
members of this group to grasp the sig- 
nificance of any or all of the geophysical 
and geological data, in just this measure 
will the fullest possible use be made of 
the information. 

Give the geologist to whom you look 
for new ideas freer access to geophysical 
information and instruct him in its inter- 
pretation. Such a scheme will stimulate 
his imagination and at the same time 
have it under control, thus providing the 
controlled imagination needed in our ge- 
ological thinking. kk * 
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[N GENERAL laboratories today, skilled 
technicians . . . working out our own im- 
provements in present day exploration equip- 
ment . . . are helping insure the success of 
your exploration problems in years to come. 
Yes, that’s where successful exploration 
begins. Then, experienced General Crews. . 
working with this advanced-design explora- 
tion equipment ...accurately compile data 
on conditions favorable to finding new oil. 
Today, General Crews are working far in 
advance of present deep production. They 
are compiling accurate data on prospective 
producing formations as deep as there are 
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reflecting horizons . . . the deepest sedi- 
mentary beds. 

For more than a decade, dependable 
General Crews have been accurately deter- 
mining and locating conditions favorable to 
finding new oil. Accuracy and correct inter- 
pretation . . . from information obtained 
with modern equipment ... have been char- 
acteristic of all General operations. 

Let General Crews help you locate tomor- 
rows reserves. The foundation for the suc- 
cess of your exploration program today was 
laid . . . in General laboratories . . . long 
before the first shot. 


mb 


HOUSTON 
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Geothermal gradients in Mid-Continent and Gulf Coast oil fields* 


By EARL A. NICHOLS, Core Laboratories, Inc. 


Tue purpose of this paper is to present 
4 contour map that shows the geographi- 
cal variation in geothermal gradients in 
the Mid-Continent and Gulf Coast oil 
fields. 

@ Introduction. Frequently there 
arises the need for an estimation of the 
temperature to be expected at a pre- 
determined depth in working with a 
wildeat or in deépening old production 
into zones that are relatively unknown. 
lhe study of geothermal gradients in oil 
fields has been made previously by many 
investigators. One of the pioneers in this 
work was C. E. Van Orstrand', who, as 
well as most of the other investigators, 
was primarily interested in the relation 
between temperature and depth in a 
given locality. Between 1921 and 1929, 
\merican Petroleum Institute Research 
Project No. 25 fostered a thorough study 
of earth temperatures.2 R. W. French 
did some work in California, the results 
of which were published in 1939.* In 
most of these studies, an attempt was 
made to correlate temperatures in a 
rather localized area. This paper will 
show the results of an attempt to corre- 
late temperature gradients over rather 
large portions of the Mid-Continent and 
(,ulf Coast areas. 

@ Method of obtaining data. It has 
been found that for complete thermal 
equilibrium to be established in a well, 
the well must stand undisturbed for a 
period of several hours to several weeks, 
depending upon the way the well was 
produced prior to the shut-in period. 

The data in this paper were obtained 
i conjunction with running pressures in 
wells or in taking samples of reservoir 
fluid. Glass maximum recording ther- 
mometers were used in all but a few in- 
stances. The wells had been shut in from 
one hour up to 10 or 12 days. Since the 
wells were normal producing wells, some 
of the shut-in times undoubtedly were 
insufficient for complete thermal equi- 
librium to have been established and the 
lemperatures measured do not necessari- 
ly represent the temperature conditions 
that will be encountered in a well that 
is producing oil. The data, therefore, can 
be useful in working with or in estimat- 
ing the temperatures to be expected in 
producing reservoirs. 

In obtaining a thermal gradient by di- 
viding-the difference in temperature of 
the formation and the mean annual sur- 
face temperature by the depth of the 
formation, one is assuming the depth- 
temperature line to be straight. Depth- 
temperature curves are almost straight 
lines (Fig. 1). On close examination of 
accurate data, however, a slight curva- 


*Presented before American Institute of Min- 
ng and Metallurgical Engineers, Galveston. 
Texas, October 1946. Published in Petroleum 


T 


'echnology, November, 1946. 
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ture usually is observed. Most wells yield 
curves with slopes increasing with in- 
creasing depth. These curves are be- 
lieved to be from wells that are in and 
are underlain by sedimentary material. 
Some few curves have slopes that de- 
crease with increasing depth. These 
curves are believed to be from wells that 
are underlain rather closely by granite 
or some other igneous rock. Most inves- 
tigators have assumed a straight-line re- 
lation in calculating the thermal gradi- 
ent because of the simplicity of calcu- 
lating gradients from straight lines. In 
order to conform to the common method, 
the assumption of a straight-line relation 
has been used in this paper. 


Approximately 1800 temperature 
measurements in 194 fields were used in 
this work, All individual measurements 
within a given pool were averaged and 
the averaged value was used in contour- 
ing. In many cases, several wells in a 
pool were measured. Also, many wells 
were measured several times over a peri- 
od of years. There were other instances 
in which only one or two measurements 
were available for a pool. 


The average thermal gradient wa- 
plotted on the map in the proper geo- 
graphical location for that particula: 
pool. The contour lines were then draw 
in the general area where sufficient 
points were available to warrant the in- 
terpretation presented. In many places 
there were too few points for accurate 
contouring. In these areas, either the 
lines were dotted or were omitted. The 
resulting map of geothermal gradients 
in oil fields is given in Fig. 2. In gen- 
eral, the contour interval is 0.1 F per 
100 ft of depth, but where the contour 
lines are crowded intermediate lines 
were omitted. 

The mean annual air temperatures 
measured and reported by the United 
State Weather Bureau for several cities 
in the areas under consideration are 
shown in Table 1. The numerical aver- 
age of these values is 66 F. John A. Mc- 
Cutchin‘ states that “depth-temperature 
curves for wells in Oklahoma and Kan- 
sas intersect the temperature axis slight- 
ly above a point equivalent to the mean 
annual air temperature of the area where 
the well is located.” The producing wells 





FIG. 1. Temperature-depth traverses. 
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FIG. 1. Contour map of geothermal gradients in Southwest United States. 


in which we have measured tempera- 
tures in the Mid-Continent and Gulf 
Coast areas have shown a tendency to 
intersect the temperature axis at the 
surface at or near 74 F. With these 
things in mind, a value of 74 F was 
chosen as the mean annual temperature 
to be used in conjunction with produc- 
ing wells. This value was used in calcu- 
lating the gradients in the paper, and as 
long as this same value is used in esti- 
mating temperatures with the contour 
map the resultant data will be reliable. 


TABLE 1. Air temperatures reported 


by U. S. Weather Bureau. 














Location ——_—_—_| Meanannual 
air tempera-, 
City State ture, °F 
Dallas. . . Texas 65.7 
Houston | Texas 69.2 
Corpus Christi. | Texas See... 
Brownsville | Texas - 73.1 
Beaumont | Texas 69.2: 
Gainsville.... | Texas. — 64.2 
Lindale Texas 65.5 
Lafayette | Louisiana 68.0 
New Orleans...| Louisiana 69.6 
Shreveport. ...| Louisiana 66.0 . 
Ardmore...... | Oklahoma 63.1 
Oklahoma City. Oklahoma 60.1 
RVGHEMB 605s. cGencancie Guts Saccte 66.2 
66 


@ Conclusions from contour map. 
Certain conclusions may be drawn from 
Fig. 2 with greater or less assurance. It 
is apparent that the New Mexico-West 
Texas area is characterized by a low 
gradient basin that lies in a northwest- 
southeast direction. The gradients are 
considerably lower than those of the 
Gulf Coast area. 

The contours along the Gulf Coast re- 
veal several points of interest. In the 
general vicinity of Matagorda Bay a 
plateau of high temperatures appears 
with its axis just off shore and parallel 
to the shore. With the exception of this 
plateau, the temperature gradients else- 
where along the coast increase as one 
moves inland. The high-temperature 
plateau near Matagorda Bay and the in- 
creasing temperatures inland form a 
trough, which starts near Corpus Christi, 
runs in toward Yoakum, and finally 
moves back out toward the Gulf along 
the Mississippi Delta. 

Just above the coast on the Texas- 


Louisiana boundary line, a rather rapid 


change in the temperature gradients is 
evident. This change culminates in a 


. high plateau near Beaumont, Texas. 


In the northeast Texas-Arkansas-Lou- 
isiana area, a large irregular basin was 
found in the general vicinity of the Sa- 
bine uplift. There were insufficient points 
to define the entire area, but a trend in 
southern Oklahoma seemed to be appar- 
ent in the Anadarko Basin. 


@ Application of contour map. The 
map may be used in estimating tempera- 
tures in the following manner: 
Estimated temp., F. 

= [Depth & Gradient from map| 
+ 74 F. 

In using the map, the following points 
should be considered. In the areas where 
the contour lines have been dotted, the 
number of control points were insuf- 
ficient for accurately defining the posi- 
tion of the gradient lines, and they 
should be used with this in mind. 

It is considered unwise to attempt to 
extrapolate the contour lines into areas 
that are not contoured on the map. 

It should also be kept in mind that 
the data used in compiling this map 
were derived from producing wells. The 
data may be used for general purposes 
dealing with producing fields. 

@ Acknowledgment. The writer wishes 
to acknowledge the assistance given by 
Dr. F: C. Kelton, Mrs. Penelope Eades, 
and Mr. Ed Clark. He wishes also to 
acknowledge the data furnished by the 
Phillips Petroleum Company. 
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Drilling equipment records* 


By MARK HART, Rowan Drilling Company 


True drilling contracting business has 
developed from small personal busi- 
nesses to large corporations with millions 
of dollars invested. Gone are the days 
when the owner of a contracting firm 
slept under the boilers, directed all his 
work, and knew all his equipment, its 
condition and location. 


The first theory adopted for practice 
by many a drilling contractor was that 
his office and all his office employes were 
non-productive or just a necessary evil. 
This practice required the very minimum 
of office space, a combination stenogra- 
pher-bookkeeper, and a set of single en- 
try books. This was overhead, a word 
that was spoken very quietly as a cost 
item, 


In this great development of the drill- 
ing industry, we find that many contrac- 
tors realized that their offices could be 
made into producing units, that the word 
“overhead” was a necessary indirect cost, 
and that the statistical information de- 
veloped by his white collar employes 
was used not only in making bids, but 
also as a guide for field operations. This 
type of information was making him 
money before, during, and after the ro- 
tary stopped turning. 

Although development has been rapid 
in cost accounting and general office 
practice in the last few years, there has 
been little effort devoted to the develop- 
ment of adequate equipment records. It 
is usually the weak spot in his accounts. 


This can be attributed to the fact that 
these records are considered secondary 
to cost accounting. The contractor knows 
that he has the power, the pumps, the 
hoisting equipment, and other necessary 
major items to run his rig; and, if he 
does not have the smaller items with his 
rig, he can find them in the nearby sup- 
ply store. The smaller contractor thinks 
that he has too few pieces of equipment 
to bother with records—he can remem- 
ber each piece purchased. Then, part of 
the blame is laid to the often stated im- 
possibility of getting field cooperation on 
transfers. 

Little excuses can weigh heavily on 
the mind that does not understand the 
proper value of the item in question. 


The sizeable investment alone should 
have prompted the development of the 
very best systems of records for protec- 
tion against theft and loss. Most contrac- 
tors operate over vast areas, and some 
have their huge investment scattered 
over three or four states. They find state 
income taxes, use taxes, and other state 
taxes, which are based on their invest- 
ment in or value of their equipment. 

Equipment records should not be con- 
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sidered as secondary to a contractor's 
cost accounting system. They are a part 
of this system, for his cost accounting 
should reflect the operating cost of his 
various major items of equipment. 


Equipment records should assist in re- 
cording sales of equipment. Without the 
proper identification of equipment sold, 
it may be difficult to prove to the federal 
revenue agent that the profit made was 
from the sale of a capital asset. As the 
normal income tax rate is usually much 
higher, this point should certainly be 
considered. 


In this discussion of equipment rec- 
ords, let us assume that you are a large 
drilling contractor or a small one with 
ambitions of growing and that you want 
your equipment record system estab- 
lished so that it may grow with you 
while you reap all benefits afforded the 
larger operators. 


Complete equipment records will in- 
clude drilling equipment, lease equip- 
ment, furniture and fixtures, and drill 
pipe—all tangible fixed asset accounts 
on your books. Although these records 
are subsidiary, they should be kept in 
balance with corresponding accounts on 
your books and made a part of your ac- 
counting system. This discussion, how- 
ever, shall be confined to drilling equip- 
ment. 


Under any record system on drilling 
equipment, it is necessary that the rigs 
be identified. It is usually done by num- 
bers. 


In posting invoices to the general 
ledger, each item of equipment charged 
to the drilling equipment account will 
be given an equipment record number 
(E. R. No.) and assigned to the rig for 
which it was purchased. The Equipment 
Record Sheet or Card (Fig. 1) will be 
made with a complete description that 
should include all distinguishing char- 
acteristics of the item purchased, the 
size, make, and serial number. Other 
pertinent information such as the sup- 
plier, invoice number, rig number, book 
reference, date of purchase, and cost are 
included in this permanent record. 


So that this E. R. No. may be perma- 
nently. associated with the equipment to 
which it is assigned, it is given to the 
toolpusher under whose supervision the 
equipment is to be used. He, then, will 
have the number stenciled or raised with 
a welding torch on the equipment so 
that is it branded for life with this num- 
ber. It is then that the office and the 
field will have a common ground to know 
this piece of equipment. 

This method certainly is appreciated 
by the field man, for the E. R. No. be- 
comes the distinguishing characteristic, 
and from then on he can give little de- 


scription of this item on his material 
transfers or yearly inventories. 


In the office, the E. R. Sheets are ar- 
ranged by rigs and warehouse yards with 
a control sheet, usually of a different 
color, in front of each group. The contro] 
or tabulation sheet will reflect the pur- 
chase or transfer date, the E. R. No., 
a brief description of the equipment, and 
will be lined for a debit, credit, and 
balance column. This information forms 
a quick reference sheet, as well as a con- 
trol, for finding the record on a certain 
piece of equipment when the rig number 
is known. The combined cost reflected by 
the sheets under any one rig should 
agree with the balance on its control 
sheet, and the combined totals of the 
controls will balance with the drilling 
equipment accounts on the general 
ledger. 


This system affords a perpetual inven- 
tory of all drilling equipment. It tells you 
what you own and where it is located. 

The Maintenance Record (Fig. 2) can 
be posted from your cost accounting sys- 
tem. It may not be used on each item of 
equipment, but it has been found very 
useful in comparing competitive equip- 
ment or for keeping check on the operat- 
ing cost of major items, such as engines, 
drawworks, pumps, swivels, and rotaries. 


These items are all listed as sub-divi- 
sions under “Well Cost Extension Chart 
—Contract Drilling Expense—Rotary” 
on page 81 of your Manual of Uniform 
Accounting Practices. This extended dis- 
tribution of well drilling cost is practiced 
by many contractors whether or not they 
maintain equipment records. 


The Material Transfer (Fig. 3) which 
is necessary in keeping any perpetual in- 
ventory, is the key to this entire system. 
Every time a piece of equipment is 
moved to another rig or into the yard, 
a transfer must be made with one excep- 
tion. The one exception is when an entire 
rig is stacked in the yard. Every time a 
piece of equipment moves, some one 
must be responsible for this move. If the 
rig is stacked when the equipment is 
taken off, then it is the duty of the persen 
authorizing the transfer to send the office 
a material transfer. So long as there is 
a toolpusher assigned to a rig, it should 
be his duty to make the material trans- 
fer on all equipment leaving his rig. This 
should be a company policy, understood 
by all. 


The importance of these transfers can 
be impressed on the mind of the tool- 
pusher by explaining to him that he is 
responsible for every one of your dollars 
represented in the equipment on his rig 
or rigs and that he is being held account- 
able. If equipment leaves his rig, the 
only way he can be relieved of the re- 
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sponsibility is to make out and send in 
a material transfer. 

In order to enforce the rules govern- 
ing this system and to check for loss of 
equipment, it is necessary to take physi- 
cal inventory of each rig and warehouse 
annually and check inventories against 
the control sheets. All discrepancies 
should be corrected. A list of such dis- 
crepancies with offenders might be pres- 
ented to the owner or officer who may 
wish to approach an offending toolpush- 
er, John Banks, with: 

“John, your inventory was short $12.- 
950.00.” 

John is immediately on the defensive. 
He will long remember that statement 
even though you do tell him later that 
he failed to transfer an S. & B, G-450 
power pump from his rig. He may begin 
to think of your equipment in terms of 
dollars. 

All reference systems are made more 
effective by cross references. This equip- 
ment record system is no exception. The 
Unit Equipment Record (Fig. 4) carries 
only a brief description of the item, but 
has all references identical to the same 
E. R. No. in the master system by rigs. 
The E. R. Nos. are kept in numerical 
order, which will automatically line them 
in the order of purchase or book entry. 
By using labeled dividers every 100 cards 
this is a quick reference when only the 
item and E., R. No. is known. This situa- 
tion occurs when an item is transferred 
at least twice between the inventory peri- 
ods and the first toolpusher failed to 
send in a material transfer. This file, 
then also helps to correct errors by the 
field men even before the annual inven- 
tory is taken. The office clerks will find it 
very handy in finding items when they 
are given only the name and about the 
time of purchase. 

Material transfers will be posted to 
both the master file by rigs and the nu- 
merical file. All postings to the master 
file will be made on the controls only 
and the E. R. Sheets will be transferred. 
The transfer is merely recorded on the 
proper card in the numerical file and 
each card will remain in order. 

It must be definitely understood that 
only capital items on the books are to 
have E. R. Nos. Controls on the smaller 
expendable items would require more 
detail than such records would be worth. 

Equipment records with controls by 
rigs and warehouse yards will reflect the 
capital investment in each rig at all 
times. The value of controls on equip- 
ment in various yards is derived from 
the fact that they provide a ready index 
to available items of equipment that may 
be needed in another area. Knowledge 
of this availability will prevent unneces- 
sary duplicate purchases, possibly of a 
seldom used item, and will expedite de- 
livery to a rig where it is badly needed. 

When the supply line is thin, and the 
demand is doubled, as in war years, the 
immediate finding of a piece of equip- 
ment in your own back yard from your 
warehouse yard control sheet would cer- 
tainly be lucrative to the contractor es- 
pecially when that item will terminate a 
costly shutdown. kk x 
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FIG. 1. EQUIPMENT RECORD COMPANY E.R.NO. 791 
NAME & DESCRIPTION __TYPE C-5SLO S. & B, POWER PUMP COMPLETE WiTH SHORT SKIDS 
$ize_7-3/4"_x 20" wo. pcs.__1 
DATE ACQD.__=2-45 ftw” wrors. wo.__G-2182 INVOICE No. 21061 
___tocarion__Rie Ho. 2 VOUCHER NO._500 - Apr. 








PURCHASED FROM >: & B. Tool Co., Inc. unit cost_22,000.00 Tota $__ 12,000.00 








ADDITIONS: FROM S. & B. Tool €o., Inc. REF. 20M cost. 950.00 TOTAL $__ 22,950.00 











— CosT. i 
— CcOosrT. TOTAL $___ a 
COST. TOTAL $__ 








Extend skids to acconmodate 1 - 400 H.P. Electric Motor 














FIG. 2. MAINTENANCE RECORD COMPANY E.R.NO. 791 
_— | roorase | EMO 0. DAYS AMOUNT | carte ToOvAL CAPENSE 
wo. | omuceo | M MO. DA ~ ! 
| 
E7 | 8,900" | Rig 2 Nichols No. 2 101 1,261.63 So 19i,5 1,261.83 
€92 €,750' | Rig 2 Snyder No. & eg 892.31 1-2-a6 2,154.14 
901 &,561' | Rig 2 Anderson No. & €5 1,053.50 4-20-46 3,207.64 
926 Rig 4 Brants No. 1 
| 
FIG. 3. 
If Drill Pipe? String No________ NO 6 
If Drill Collar? N Material Transfer ° 46 





If Equipment? B. R. N 


—Odeasar vise Cook to 1946 
cuance 00 Lyn mia*Y nie — ee oe 
crevir_ob.C Andavaon *% vig a’ aa Wo_—_Aeet No. a 


Description of material or equipment transferred and condi 
(On material, state whether new, or if second hand, — Ist, 2nd or 3rd class) 
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FIG. 4 
UNIT EQUIPMENT RECORD 
supptier__S- & B. Tool Co., Inc. v.0. No__500__ wo_ April 1945 E.R7 
EquiPMENT__G-540 Power Fump _ unit cost.12,950.00 





ADDITIONS 0.08.7. MO. | ean aon) 





ASSIGNED To___Rig No, 2 


TRANSFERRED FROM 





oO. 


FORu HO. 5° a6 3-48 PATTON 


FINAL DISPOSITION 
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Subsidiary of Jones & Laughlin Steel Corporation 











Your Jones & Laughlin Supply Store is a kind 
of slide rule for figuring the right answers on 
oil field equipment. Stores are located in con- 
venient places throughout the oil country from 
the Rocky Mountains to the Atlantic Coast. 
The selection of stocks is made according to 
local requirements. Prices have always been set 


for the buyer’s market. 


Just as you depend on your slide rule and engi- 





neering knowledge to solve technical problems, 


you can count on Jones & Laughlin to help solve 





your supply problems. Both can give you the 





right answers. 
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Deep eable tool drilling in Appalachian area* 


By HAROLD W. HAUPT, Vice President, Acme Drilling Company 


| GIVES me great pleasure to present 
this paper, on deep cable tool drilling, 
based on actual experience derived from 
the drilling of a number of deep holes in 
the New York State, Pennsylvania, and 
West Virginia areas. 

This type of drilling is satisfactory 
and has been carried on with a consider- 
able amount of success in the Appa- 
lachian area in the last 20 years, but with 
increasing efficiency in the last few 
years, due to new methods and improve- 
ments in cable too] drilling. 

The deep cable tool drilling in the 
Appalachian area is to a very large de- 
gree carried on by contract and there are 
a large number of independent contrac- 
tors who do this work. They, togethe: 
with the skilled drilling crews, improved 
materials and new practices in meeting. 
adverse drilling conditions, improve. 
ments in pipe, development of derricks 
to handle long strings of casing, im- 
provement in wire lines and all drilling 
machinery, have combined to make 
possible and carry on deep cable tool 
drilling successfully. 


Deep drilling is carried on in this area 
in search for natural gas and oil and at 
present is at depths ranging from 5000 ft 
to 10,000 ft. Such drilling is usually 
done on structures known as anticlines. 
The deeper formations in these anticlinal 
areas are very treacherous, because of 
faults, cross-faults, slips, steep slopes, 
gas pockets, and other adverse condi- 
tions. 

The casing schedules of the deep holes 
drilled in this area with the Oriskany as 
the objective horizon, are usually set up 
so that a string of 7-in. OD casing can 
be set in the Onendaga limestone forma- 
tion, which lies on top of the chert and 
Oriskany sandstone formation. If gas is 
found in the Oriskany the well can be 
produced through the 7-in. OD casing. 
To arrive at this casing point, which is 
beneficial to the producer from an oper- 
ating standpoint and beneficial to the 
contractor as a protection against fish- 
ing jobs, it is necessary to use the pipe 
schedules, consisting of 50 ft to 100 ft of 
16-in. to 20-in. casing; 500 ft to 800 ft 
of 13-in. to 16-in. casing; 800 ft to 1500 
ft of 10-in. to 13-in. casing; 2000 ft to 
1000 ft of 854-in. to 10-in. casing; 6000 
ft to 8000 ft of 7-in. OD casing, depend- 
ing upon the locality and the proposed 
depth of the well. 

In drilling a deep hole in this section, 
there is very little difficulty encountered 
in the top formations, with the exception 
of the usual small number of minor fish- 
ing jobs. The upper formations usually 
consist mostly of sandstones and lime- 
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stones and take considerable time to drill] 
because of the hardness of the forma- 
tions and the large hole sizes. The fish- 
ing jobs in these formations are caused 
by the hardness of the formations, which 
has a destructive effect on tool joints, 
by settling sands, by caves caused by 
water, and by faulty materials. 

The lower formations are considerably 
different in many ways. They usually 
consist of limestone and shale, with shale 
predominating. The drilling in this sec- 
tion of the hole is not hard ordinarily, 
but is hazardous due to caving condi- 
tions, gas pockets, and abnormal struc- 
tural conditions. This section conse- 
quently takes considerable time to drill. 


In the past a caving hole was one of 
the most difficult situations encountered 
but due to new developments in controll- 
ing caving formations with cement and a 
plastic material called drilling com- 
pound, a large part of this trouble has 
been eliminated. These developments 
also have eliminated excessively large 
holes and decreased the number of cas- 
ing strings. We have been able to make 
much better completion time with these 
new developments, by means of better 
progress in rate of drilling and fewer 
fishing jobs caused by caving formations 
above the actual drilling point or the 
bottom of the hole. Caving from above 
the working point is a dangerous thing 
in a drilling operation. It not only causes 
delay in the drilling, but causes a good 
many fishing jebs, which in turn take 
considerable time and cost considerable 
money, because under a thousand feet 
of cavings from this type of formation 
a fishing job is difficult and costly. After 
losing a string of tools under these con- 
ditions, one may be a month or more 
reaching the top of his tools. This is an 
expensive proposition; however, by the 
use of drilling compound and cementing 
techniques we have been able to elimi- 
nate a large part of this type of trouble. 

There remains a caving condition that 
we have not been able to eliminate up 
to the present time without the use of 
cement, and that is a caving hole at the 
bottom or at the point where the tools 
are actually working. This caving condi- 
tion is usually the result of unstable or 
“broken” formations. Correction of this 
condition also takes considerable time, 
but in most cases is not too serious and 
can be carried on successfully. After the 
hole is drilled through the caving sec- 
tion it can be controlled with little 
trouble by the use of drilling compound. 
In some sections of this area, if the well 
is located on a less complicated part of 
the anticline, we have little trouble from 
caving, and the well can be handled 
easily and satisfactorily without cement- 
ing or the use of drilling compound. 


One of the most difficult problems in 
deep cable tool drilling has been, and 
still is, the development of crooked holes, 
that is, the hole going off vertical as 
much as 15 to 20 deg. This trouble is 
caused by slips and faults in the forma- 
tion; however, in most cases, the well is 
drilled to a point to where the operator 
is satisfied that the possibility of getting 
a producing well is nil, even if the hole 
is off as much as 15 to 20 deg. Crooked 
holes can be straightened successfully to 
a point to where the hole can be con- 
tinued on by means of new methods or 
new tools for this purpose, and, in some 
cases, by shooting with nitroglycerin. 

“Deviation” in the hole is caused by 
sloping or hanging formation, or by 
crossing through a fault. This condition 
is one of the most difficult problems of 
the cable tool drilling method. Up to the 
present time we have been able to drill 
a hole under this condition to a point 
where the operator is satisfied. By means 
of new developments in tools, such as 
spiral star bits, hillside bits, allowing 
the hole to cave and shooting out a sec- 
tion to allow the tools a chance to run at 
a more vertical position, cable tool drill- 
ing has been able to carry on a fairly 
successful technique through these bad 
formations. 


Another problem in deep cable tool 
drilling is the penetration into high-pres- 
sure gas pockets. These are usually 
found in the deeper and more broken 
formations. These pockets are dangerous 
and quite frequently cause serious fish- 
ing jobs. While drilling in an anticipated 
gas pocket formation, the contractors 
usually continue with the hole in the fol- 
lowing manner: Pilot ahead 40 to 50 ft 
with smaller diameter tools, thus allow- 
ing the sudden burst of pressure from a 
gas pocket to pass the tools at the im- 
mediate larger hole above. After pro- 
ceeding in this manner 40 to 50 ft, we 
then come back up the hole to a point 
where we started the smaller diameter 
hole and ream the hole down to the bot- 
tom and continue on with this sequence 
of procedure until such time that we 
think we are through that kind of for- 
mation. Another method used with a cer- 
tain amount of success by some contrac- 
tors is to carry a thousand feet or more 
of salt water at the bottom of the hole. 
This practice eliminates and more or 
less neutralizes some of the high pres- 
sure and the sudden shock from the gas 
pocket blowout by the use of the hydro- 
static pressure of the water, which acts 
sométhing in the order of a cushion effect 
to such an explosion. 

Fishing jobs caused by gas pockets 
usually are difficult and costly. In most 
cases the tools are blown past the cable 
thus fouling the cable and the tools. The 
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' After long experimenting, Mission re- you save the cost of the piston body. 
‘ search engineers succeeded in develop- (3) Long life rubbers make replace- 
ing the first really serviceable piston ment less frequent. This means there is 
with replaceable rubbers. In fact, Mis- less shut-down time when Mission Pis- 


sion succeeded so well that the Mission 
Piston quickly became the standard of 
the industry. 


With Mission you reduce piston re- 
newal costs three ways: (1) It’s easier 
to replace piston rubbers only because 
you don’t have to remove the piston 
from the rod. (2) It’s cheaper because 


tons are used. 


Outstanding preference by majors, in- 
dependents, and drilling contractors 
the world over, and Mission’s guar- 
antee, are your assurance that Mission 
Pistons are the most economical on the 
market to operate ... “Change the 
rubbers and save the piston.” 





When the rubbers are worn, simply remove 


when the rubbers are changed. 


It’s not even necessary to remove the piston New Mission Rubbers installed and piston is 
the old rubbers and save the piston body. from the rod. This saves you shut-down time ready for another long run at a fraction of 


the cost of a new piston. 




















MISSION MANUFACTURING COMPANY, HOUSTON, TEX. 
Export Office: Room 1636, 30 Rockefeller Plaza, New York 20, N. Y. 





a 
SOLD THROUGH 
SUPPLY STORES 

EVERYWHERE 
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Thermoid products are care- 
fully built with the specific 
needs of oil field work in mind. 


Careful selection of raw materials, latest technical advances 
plus skilled craftsmanship assure the user of maximum 


service at lowest cost. 
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You will find it to be both 
wise and convenient to 
specify Thermoid “Built 
for the Job’’ products 


Automotive « Industrial 
Oil Field « Textile 


Thermoid Company, Trenton, N. J., U.S.A. 


Warehouses in Houston, Los Angeles, Wabash 
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corrective procedure then is to whip the 
line off at a kink or dogleg in the line 
caused by the blowup or cut the line at 
the closest point possible to the tools, 
then fish out the wire and tools. If the 
tools are not loose, drill by them and if 
this does not loosen the tools cement 
them in and continue on with the hole. 
The last mentioned operation has been 
done successfully in many cases. In some 
instances there were as high as two or 
three strings of tools left in the hole by 
this method; and so, even with these 
problems and difficulties, we were able 
to proceed to the casing point and run 
the size pipe intended. 

Despite all the difficulties mentioned 
the cost of deep cable tool drilling is 
comparatively low, as will be shown by 
the following figures, which are actual 
average costs to the operator of 14 deep 
wells drilled in the Appalachian area, 
exclusive of casing, to the average depths 
indicated: 

6000 ft to 7000 ft, $6.50 to $7.00 per ft. 

Below 7000 ft, $7.00 to $9.00 per ft. 

The foregoing costs depend largely 
upon the locality in which the wells are 
drilled and also upon the difficulties en- 
countered as heretofore mentioned. 

All the foregoing practices and im- 
provements combined have enabled the 
contractor and operator to carry on a 
deep cable tool drilling operation to 
depths as high as 10,096 ft in the Appa- 
lachian area successfully and at a mini- 
mum cost. kk x 


Pipe and tubing 

The current demand for tubular prod- 
ucts is difficult to estimate accurately in 
total, as pipe is primarily a service item. 
In February of this year we conducted a 
spot survey among the large oil and gas 
companies, covering pipe lines 20 in. 
o.d. and larger which they had on order 
or desired to install within the next 5 
years. The aggregate of this tonnage 
represented over 1 million tons a year, 
which is 20 times the volume of this size 
pipe purchased for trunk lines in the 
5-year prewar period. This high ratio of 
demand to supply is significant for this 
commodity only, as the 20-in. and larger 
trunk line tonnage in the prewar period 
was only 2 per cent of the total pipe and 
tubing tonnage. 

Let us examine the over-all trunk line 
demand, including all sizes of pipe, 
which represented about 10 per cent of 
the total prewar tubular tonnage. 

The demands for refinery pipe and 
tubing for maintenance and new con- 
struction were checked in a brief sur- 
vey, and the requirements were about 7 
times the prewar period purchases. 

While the supply of oil country goods 
does not equal the present demand, it is 
much more nearly in balance than the 
situation existing with respect to line 
pipe and refinery tubular goods. 

In the case of standard pipe and mis- 
cellaneous line pipe, the market is so 
scattered and varied that it would be 
difficult to conduct a survey of demand. 





Taken from ‘' Availability of Pipe and Tubing,” 
presented by W. F. McConnor, vice president in 
charge of sales, National Tube Company, before 
National Association of Purchasing Agents, New 
York, June 2, 1947. 
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Deep rotary drilling applied to Appalachians* 


By BRUCE R. MILLER, The Ohio Oil Company 


@ Introduction. The desire to improve 
performance and results obtained in 
drilling hard abrasive sands, dense 
shales, and siltstones of the deeper Ap- 
palachian sections has influenced a num- 
ber of operators to use rotary equipment. 
The adaptation of rotary equipment to 
drilling in this section must take into 
account properly conditioned mud, rigs 
adequately powered, completion prac- 
tices, drill pipe wear, rock bit footage, 
and well control. Day work contracts 
have placed contractors under restraints 
and partially removed the incentive to 
improve performance. These factors 
with high freight charges for moving 
rigs, repairs, and supplies great dis- 
tances have made rotary drilling costs 
high. Rotary drilling has provided such 
desirable benefits as: 

1. Conservation of reservoir pressures. 

2. Complete control while drilling and 
completing. 

. Selective and multiple completions. 
. Saving in casing. 

. Hole size maintained to objective. 

. Reduced drilling time. 

. Eliminate hazards of blowouts and 
fires. 

8. Provide data for reservoir study. 

Expanded use of rotary equipment for 
deep well drilling in the Appalachian 
area is indicated and such use will result 
in a continued decrease in the cost of 
drilling by the rotary method. 

The scope of this paper is limited to a 
discussion of rotary drilling methods 
and procedures employed in drilling the 
deeper horizons of the Appalachian area 
with observations and suggestions to im- 
prove its performance. 

Cable tools have for some time been 

used extensively in the Appalachian area 
with varying degrees of success and are 
used in some instances in this paper as 
a basis for comparison with results ob- 
tained with rotary tools. 
@ Rig selection. In the selection of the 
equipment and the contractor for drill- 
ing a deep well in the Appalachian area 
a number of items should be carefully 
considered. These items may be enumer- 
ated as follows: 

1. Size of rig. The rig should be suff- 
ciently large to make good time in trip- 
ping the drill pipe without placing un- 
due overload on drawworks, clutch, 
transmission, chains, and motors. If the 
rig is powered by gasoline or natural gas 
engines the 10 per cent reduction in 
power that may be developed by these 
engines at altitudes of 3000 ft or better 
must be considered. A satisfactory rule 
of thumb regarding horsepower require- 
ments in the Appalachian area is 1000 
hp for depths below 8000 ft. 


*Presented at Spring Meeting of the Eastern 
District American Petroleum Institute Division 
of Production, Pittsburgh, Pennsylvania, June 
13-14, 1946. 
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2. Versatility of rig. The rotation 
speed of drill pipe and the pump pres- 
sure developed should not be limited one 
by the other. Some of the Appalachian 
section requires relatively high rotary 
speeds and pump pressures, whereas 
other sections require low rotary speeds 
and high pump pressures. This may be 
illustrated by tests conducted while drill- 
ing the Devonian shale section. Increas- 
ing the rotary speed from 65 to 80 rpm 
and the pump pressure from 750 to 1000 
psi increased the rate of penetration by 
20 per cent. The higher pump pressure 
and increased rotary speeds could not be 
maintained for any appreciable length of 
time as severe overloading of engines re- 
sulted. If mechanical failure occurs, the 
rig under ordinary circumstances should 
be capable of continued operation until 
replacement parts can be procured. 

3. Availability of repairs. The selec- 
tion of power rigs for operations in this 
area insofar as possible should be con- 
fined to equipment, and in particular 
motors and engines, for which replace- 
ment parts may be obtained with a mini- 
mum of delay. 

4. Supervision. Supervision, always an 
important role in any undertaking is 
doubly important for operations in the 
Appalachian region. The needs of all 
supplies such as mud, cement, bits, core- 
heads, reamers, fishing tools, and vari- 
ous oil-field services must be anticipated 
and arrangements made far in advance 
of their actual need. Much of the above 
equipment and service must come from 
Texas, California, Oklahoma, Illinois, 
and other states quite distant from the 
Appalachian area. The supervisor and 
tool pushers for the Appalachian area 
should be thoroughly familiar with oper- 
ations in hard rock country as well as 
operations in a locality where lower tem- 
peratures and adverse weather condi- 
tions are to be encountered. 

5. Operating personnel. Crews should 
be selected that are accustomed to work- 
ing under adverse conditions and low 
temperatures. It is a distinct advantage 
to have crews that have previously 
worked on the rig and as far as possible 
from the same section of the country. 
Rigging up technique and procedure 
varies widely in the various sections of 
the country and creates much confusion 
and lost time when the crews are not ac- 
customed to rigging up and maintaining 
various sections of the rig in the same 
manner. ; 

@ Drill pipe. Drill pipe wear in the 
Appalachian area compares quite favor- 
ably with that obtained in drilling other 
hard rock sections such as encountered 
in the Rocky Mountain area. Under ordi- 
nary circumstances drill pipe may be ex- 
pected to drill 50,000 ft of hole. Drill 
pipe wear has been found to be greatly 
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accelerated in that portion of any hole 
that has been drilled by cable tools. This 
accelerated wear may be attributed to 
the irregular walls of the hole and the 
absence of filter cake to cushion and 
lubricate the drill pipe. Figs. 1 and 2 
show two straight hole surveys of wells 
that were partially drilled with cable 
tools. The course of the hole shown in 
Fig. 1 was drilled with cable tools to a 
depth of 3900 ft and from that point was 
drilled to completion with rotary tools. 
The course of the hole, as shown in Fig. 
2, was drilled to 7800 ft with cable tools 
and completed with rotary. These two 
surveys have one characteristic in com- 
mon, the section drilled with cable tools 
in both instances spiral in a counter- 
clockwise direction. Drill pipe wear is 
materially increased by the rotation of 
drill pipe in a conventional clockwise 
direction through these counterclock- 
wise spirals that the cable tool hole has 
assumed. If cable tools are to be used to 
start holes that are later to be completed 
by rotary it is essential that the hole be 
straight and the need of some study on 
the influencing factor resulting in a 
counterclockwise spiral of the cable tool 
hole is indicated. The torque in the drill 
pipe when rotating in holes such as illus- 
trated in Figs. 1 and 2 is much increased 
as compared with holes drilled by rotary 
regardless of the fact that the rotary hole 
may in some instances assume a course 
as far from vertical as that of the cable 
tool hole. The drag of a cable tool hole 
on drill pipe frequently increases the 
torque when the drill pipe is rotated suf.- 
ficiently to make up the kelly when the 
rotary clutch is disengaged after rotat- 
ing the kelly sub out of the tool joint 
box. This drag on the drill pipe has been 
noted to produce a differential on the 
weight indicator of 20 points between 
the weight of the pipe hanging in the 
hole and the weight when hoisting or 
lowering the drill pipe; in other words, 
a total of 135,180 lb difference between 
the line tension required to hoist or lower 
the drill pipe. Such a differential makes 
it very difficult to fish, core, or control 
accurately the weight on the bit. 


Four and one-half inch, Grade D, 16.6- 
lb drill pipe with full hole tool joint: has 
been found quite satisfactory for drilling 
the hole for the production string. Once 
the production string has been set, 31/4- 
in. drill pipe should be utilized in prefer- 
ence to tubing if additional hole is to be 
drilled or cored. Although wells have 
been deepened and cored in the Appa- 
lachian area by utilizing 214-in., 6.5-lb, 
8-Rd. thread, J-55 tubing the reduction 
in the rate of penetration with tubing re- 
sulting from the necessity of carrying 
less weight on the bit and the increased 
time consumed in making trips makes it 
uneconomical as compared with the serv- 
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“CARDWELL” PORTABLE MASTS ARE e 
ONE ANSWER TO FASTER, LOWER 
COST DRILLING AND SERVICING JOBS. 
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| i vat : : ‘ . % Pe 
lata : ad ii . Model R double drum hoist with spudder and 65-foot 
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telescoping drilling mast. Complete rig is capable of 


drilling to 7,500 feet with cable tools. When Model R 
is equipped with rotary assembly, the same mast may 
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Double drum Mobilhoist with 55-foot double leg —_ 
telescoping mast pulling 4,000 feet of rods and tubing. be used for rotary drilling to 5,000 feet, or workover - 
48- or 55-foot single leg telescoping mast available. jobs to 6,000. 
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CONDENSED SPECIFICATIONS ' 

od 
Available Load Safety Groove Telescoped Net 

Model Type.of Mast | For Model Factor 2. | Sheave Dia. Length Weight — 

OLEBM | 48-foot single leg servicing mast with cross Q. H. K. pa _ ioe 7 jobs 
ma . Mobilhotst 38.600 16 29°.3 2.700 

° 48-foot 3 mast with three 0. HK. ” ~~ 

LKJM sate wy see eee Pde ha 72,500 16 27-8” 2.700 


















OLMIM = : x - 58,750 16” 31’.2” 2.900 
TLMJM HK. S, 79,500 16” 33’ - 8” 5,100 
Mobithoist . ° 








H, K, RB, S 128,000 20” 
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Cardwell Portable Mast 


Moving costs and rigging-up time are minimized because these 
masts are transported on the rig. The rig can be moved in and 
the mast raised and telescoped in record time. This means 
more and faster jobs, busier crews and greater profits. 
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Model H single drum servicing hoist with 48-foot 
telescoping mast. Cross sheave trown permits 
block to.travel three feet higher than when sheaves 
are mounted in line. 48- or 55-foot masts are 
available with cross sheave crown or with three 





Model S hoist with 65-foot double leg mast, subframe and sheaves mounted in line. Mast can be easily 
rotary table. Rig is capable of handling rotary workover removed for derrick operations. Hoist is shown 
x jobs to 6,000 feet. pulling rods and tubing from 3,910-foot well. 
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P. O. Drawer 2 Long Distance Telephones 128 — 129 — 130 
Cc Welle haces ALL STEEI Wich CARDSTEEL New York p c [ | y 7 ic Y WRITE OR PHONE 
Wichita. Kansas, U.S.A FOR INFORMATION 
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able amount of hole is to be made below 
the production string, rubber or syn- 
thetic stabilizers should be installed on 
the drill pipe to prevent extensive wear 
of the production string and drill pipe 
by continued and prolonged rotation of 
the tubing or drill pipe. 

Tool joint wear is high through the 
very abrasive sand sections of the Appa- 
lachian area and 41/-in. tool joints with 
an OD of 6-in. or 614-in. prolongs the 
useful life of the joints prior to resleev- 
ing or building up, by approximately 25 
per cent, and the use of such joints is 
economically desirable and practicable. 
Tool joints should be calipered regularly 
and laid down before wear has pro- 
eressed far enough to make it impossi- 
ble to true up the OD of the joint at 
5-3/16-in. Large numbers of stabilizers 
have been utilized on the drill pipe in 
open hole to minimize the wear on tool 
joints and drill pipe, however, the short 
life of these stabilizers when used in the 
open hole and subsequent cost of con- 
tinued renewal of the stabilizers leaves 
the advisability of such practice open to 
debate. 


Experience obtained in this area indi- 
cates that improvement in the bit cutter 
bearings is desirable. As a whole it is 
considered economical to pull bits when 
the rate of penetration has fallen to one- 
half the rate obtained with a new bit. 
The 50 per cent reduced penetration 
figure is an average figure for the entire 
hole, and bits may be pulled sooner on 
hole near the surface due to the short 
period of time lost in making a trip. 
Such practice is economically desirable 
and should be encouraged. Inspection of 
bits when pulled indicates cutters to be 
in fair condition and suitable for con- 
tinued running, however, in all cases the 
bearings are worn sufficiently to allow 
the bit to dig a tight hole. The penetra- 
tion figures given above may be used as 
a rough guide, however, in some sections 
of the Devonian shale it has been found 
that the rate of penetration is increased 
once the wire edge has been worn off the 
bit cutter teeth. Data gathered indicate 
that a bit with long teeth on the cutter, 
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@ Mud. Mud for rotary drilling in the 
Appalachian area as a whole has not 
been given sufficient attention. Rotary 
mud has not been conditioned or tailored 
to the particular formations of the sec- 
tions penetrated in deep Appalachian 
wells and this, no doubt, has influenced 
some operators to condemn rotary drill- 
ing in this area as dangerous and im- 
practicable. The requirements of a mud 
satisfactory for drilling the Appalachian 
section may be enumerated as follows: 

1. Low water loss (below 6 cc for a 
full 30-min test). 

2. Relatively high gel strength (10 
min gel of 4 to 5). 

3. Low weight (10 to 10.5 lb per gal). 

4. Low viscosity (45 to 50 centipoise) . 

5. Low sand content (below 10 per 
cent). 

6. Thin filter cake (2/32 in.). 

7. High pH (11 to 12). 


POETS 
2 ow 
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The rate of penetration has been found such as the conventional rock bit used The muds made by the hole are high © 
more satisfactory when five or more drill for drilling shale, but with the ends of in weight, have zero gel strength, water ~ 
collars are employed. These drill collars the teeth flat similar to rock bits used in loss of about 15 cc, viscosity in the vicin- _ 
should have an OD as large as can safely very hard formation or for drilling on ity of 60 centipoise, pH of 8, and filter ~ 
be fished for in the size hole being junk iron, would increase the rate of cake of 3/32 in. Chemicals and water to : 
drilled. It is important that sufficient penetration. condition the mud should be added slow- 
drill collars be run to keep the drill pipe The selection of the size bit to use de- ly and for this purpose steel drums 
from whipping the walls of the hole and _ serves considerable attention. The hole placed on top of the return mud ditch ’ 
eliminate the necessity of using any of _ drilled should be the smallest that will and equipped with small valves have 3 
the drill pipe weight on the bit. Machine provide sufficient clearance to avoid proved very satisfactory. 5 
shops with equipment large eneugh to _ sticking the drill pipe or casing and al- Steel mud tanks for handling mud © 
recut threads on drill collars may be low sufficient clearance for the purpose offer many advantages over the old open © 


quite distant from the well location and 
at least four extra drill collars should be 
available on the rig at all times. Bit 
reamers where employed have given ex- 
cellent results in keeping the hole to 
gauge and increasing the footage ob- 
tained per bit by eliminating the neces- 
sity of reaming down with a new bit. 

@ Bits. Rotary drilling in the Appa- 
lachian area is accomplished by the use 
of rock bits exclusively. The selection of 
the tooth design of the rock bits used 
varies with the formation encountered. 
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of fishing. The reduction in hole size 
should not be carried to extremes as the 
bearings of larger bits will take more 
weight for a longer period of time as 
compared with smaller bits. A reduction 
in bit size from 1214 in. to 105% in. or 
1.525 in. in diam will increase the rate 
of penetration by 14 per cent without a 
reduction in footage drilled per bit. A 
total of 100 bits should be required to 
drill the average 8000-ft hole with an 
elapsed time for drilling of 160 to 180 
days. 


earthen mud pits. It is conservatively 
estimated that a savings of 20tons of mud 
on an 8000-ft hole may be accomplished 
by the service of steel mud tanks. The 
ability to exclude surface water from the 
mud reduces mud treatment from a con- 
tinuous operation to treatment once in 
8 to 24 hr, depending upon the size hole 
being drilled and the rate of penetration. 
Stee] mud tanks provided with flooded 
pump suction eliminates the 10 per cent 
reduced mud pump efficiency experi- 
enced when pumps operating at high 
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STARTING POINT FOR 
SUCCESSFUL CEMENTING 


é ‘Through Your Supply Store 


LARKIN PACKER CO., INC. 
ST. LOUIS, MO. 


WAREHOUSES: Houston, Corpus Christi, Odessa, 
Shreveport, Tulsa, Greot Bend, Wichita Falls 
ROCKY MOUNTAIN: Fred S. Dewel, Casper 
WEST COAST REPRESENTATION: Howard Supply Co., Los Angeles 
EXPORT: 19 Rector Street, New York City 
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FIG. 3 altitudes are required to lift mud from 


earthen mud pits. 






































































































































































































































The vibrating type mud screen when 
mo CORE ANALYSIS equipped with the proper mesh screen 
PERMEABILITY-MDARCYS== --F LUID INDE X (20 to 30 mesh) has been very satisfac- 
590 4003 290100 _ 90 Watgrx_, Oil and/or Gas, tory for removing shale and cuttings 
Porosity % io il-%Pore Saturations--* from the mud. The vibrating screen is ( 
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one FLOCCULATED MUD NON-FLOCCULATED MUD 

_ | FLOCCULATION: The grouping thickens drilling mud. 

— of the colloidal particles due to increases viscosity. 

“a a reduction of their electrical charges increases gel strength. 
Calcium sulfate drilling-mud contamination may increases water loss. 

 & occur in the formation, in underground waters, in 

_ surface waters, or from cement-cutting. The com- 

— | plete contamination (flocculation) may result in 

- an air- or gas-cut mud, nite shale conditions, ANHYDROX: Complete AN- 

_ a water-block of the section, or stuck tools. HYDROX treatment of contami- 

nated muds maintains or improves 
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nated. It lowers viscosity, lowers 
initial gel strength, and reduces 
water loss to normal for a non- 
contaminated mud. 


SMENTOX: SMENTOX recondi- 
tions a cement-cut mud or prevents 
a mud from becoming cement-cut. 
Wall-building characteristics are 
often improved as SMENTOX con- 
tains colloids having this property. 
Frequently a SMENTOX- treated 
mud displays better performance 
properties than it did originally. 
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BBL OF ACID 
Gauged 3,771,000 after (a, b, c, d) 4500 gal—19 per cent in open hole 
Gauged 900,000 after (e, f, g) 500 gal—15 per cent initial through perforations 
Gauged 1,300,000 after (e, f, h, i, j) 4500 gal—15 per cent second stage 


through perforations 


Gauged 4,150,000 after (e, f, k, 1) 8700 gal.—10 per cent both zones after 


killing with mud 


FIG. 5 


cement contamination prior to the actual 
drilling of the cement. Such treatments 
prior to drilling cement requires less 
treatment and maintains the mud in 
much better condition while the cement 
is being drilled. 

Mud and power-operated blowout pre- 
venters give assurance of complete con- 
trol of high pressure zones and elimi- 
nate the dangers of blowouts and the 
hazards to property and life by fire. 

The cost of mud and chemicals for 
mud treatment should not exceed $5000 
for an 8000-ft well. 

@ Completion. Casing and cementing. 

Well completions with rotary tools 
offer several distinct advantages as com- 
pared with cable tools. Eight, nine, ten 
thousand feet or more of large diameter 
casing may be run and cemented with 
ease and safety in a 16 to 24-hr period 
utilizing rotary and floating equipment. 
The usual practice is to run a float shoe 
on the bottom of the casing and a float 
collar some 30 or 40 ft above the float 
shoe. The two floats give assurance that 
there will be no backflow of mud or 
cement into the casing and provide an 
accurate benchmark for positioning the 
last cement plug. Should conditions war- 
rant, multiple-stage cementing jobs may 
be performed at the time the bottom of 
the pipe is cemented. Multiple-stage ce- 
menting jobs enable the operator to 
leave any desired section behind the 
casing free of cement. 

High bottom hole temperatures are 
not found in this area and high tempera- 
ture decomposition of mud or the neces- 
sity of retarded set cement is not a factor 
to be considered. Some retarded set ce- 
ment, however, has been used to provide 
an additional safety factor on multiple- 
stage cementing jobs. 

The service of rotary tools for deep 
Appalachian drilling eliminates the 
necessity of running successive strings of 
casing to shut off formation waters. The 
elimination of these casing strings re- 
duces the expenditure for casing and en- 
ables the operator to drill a much smaller 
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hole from the surface and at the same 
time reach the objective formation with 
a hole of sufficient size that any type of 
completion may be performed. 

Cores and core analysis. Pay sections 
in the Appalachian area may be several 
hundred feet thick and have varying 
porosity and permeability. To evaluate 
properly any producing formation the 
permeability and porosity of the forma- 
tien is highly important. Permeability 
and porosity tests may readily be con- 
ducted on cores taken with a conven- 
tional rotary core barrel. Fig. 3 shows 
the result of such permeability and 
porosity test as conducted on rotary 
cores from the Oriskany sand. Referring 
to Fig. 3, it will be noted the right-hand 
column provides for recording the fluid 
index, oil, gas, or water. The test for 
water only was conducted on the above 
cores. This test showed a negligible in- 
vasion of water from the drilling mud. 
Core recovery as a whole may be con- 
sidered very good in this area. The per- 
centage of recovery of the footage cored 
is approximately 84 per cent. All coring 
is done with conventional core barrel, as 
the formations are hard and cutter wear 
severe so no advantage would be gath- 
ered or time saved from the service of 
wire line core equipment. The average 
length core cut per cutter head is 8 ft. 
Cores may be obtained in any section of 
the hole that has a rate of penetration 
= a 105%-in. bit of more than 1 ft in 

r. 

Electric log. Coring is expensive and 
a time consuming operation and it is de- 
sirable to eliminate all unnecessary cor- 
ing in a field at the earliest possible date. 
The practice of coring key wells only 
and relying on electric logs for much of 
the correlation and evaluation work has 
been used extensively in other areas. 
Within localized areas a direct compari- 
son between cores and electric logs on 
key wells, together with permeability 
and porosity determination on the cores 
and production figures will produce a 
set of values that may be used very satis- 
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factorily for reservoir study on wells that 
are not cored but upon which an electric 
log has been run. Fig. 4 shows an electric 
log through the section corresponding 
to that shown on the core analysis, Fig. 
3. In arriving at any set of values for use 
with electric logs in reservoir study all 
variables such as mud, hole size, and 
electrode spacing must be held constant 
for all wells within the area. 

Selective acidization. Data on the abil- 
ity of different parts of a thick producing 
section to produce are necessary if the 
maximum production is to be obtained 
from the well and intelligent forecast of 
future performance of the well is to be 
made. An example that illustrates the 
ease with which any number of similar 
intervals may be tested utilizing rotary 
tools and the difficulty of obtaining such 
information by other methods is shown 
in Fig. 5. The curves shown in Fig. 5 
represent the pressures necessary to 
pump acid into various sections of the 
Oriskany sand. The curve ABCD repre- 
sents the pressure required to pump 
4500 gal of 15 per cent acid into the 
lower section of the Oriskany sand. 
Curves EFG and EFHIJ represent the 
pressure required to pump acid into the 
upper sections of the Oriskany sand. 
Each of the sections referred to were 
tested, acidized, and again tested exclu- 
sive of other productive zones in the 
hole. The increased pressure necessary 
to pump acid into the upper sections of 
the Oriskany as compared with the pres- 
sure required to pump acid into the 
lower section would make it impossible 
to acidize effectively the entire produc- 
ing zone should these zones be exposed 
to acid simultaneously in the open hole. 
The curve EFKLM represents the pres- 
sure necessary to reacidize the Oriskany 
sand with 8700 gal of 10 per cent acid 
after killing the well with rotary mud 
and perforating and testing a section of 
the Devonian shale. The mud utilized to 
kill the well prior to the test conducted 
on the Devonian shale had a water loss 
of slightly greater than 12 cc for a full 
30-min test. This high water loss, 
coupled with the difficulty of building a 
filter cake on the walls of the hole after 
it has been subjected to acid, substanti- 
ates the necessity of maintaining a low 
water loss mud. In instances where it is 
found necessary to kill a well after acid- 
ization the services of oil base mud or 
salt water may be preferable to conven- 
tional mud. Fresh water in some in- 
stances does not produce sufficient hy- 
drostatic head to completely kill the 
well. 

@ Summary. The technique and per- 
formance of rotary for drilling the deep- 
er horizons of the Appalachian area will 
continue to improve as each additional 
well is drilled and information obtained 
from past drilling in the area is utilized. 
@ Acknowledgments. The author is in- 
debted to The Ohio Oil Company for 
permission to use data on rotary drilling 
from their files. The help and sugges- 
tions of F. E. Smith, general superin- 
tendent of production of The Ohio Oil 
Company and others is i. 
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Turn to Page 339 of the 1946-47 Composite 
Catalog. Get acquainted with the complete line 
of Practical and Dependable BAKER Oil Tools 
and Equipment, and most of your cementing 
and completion “problems” will end up as safe, 


economical ‘‘every day” operations. 
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Oil base drilling fluids* 


By GEORGE MILLER, President, Oil Base, Inc. 


@ Purpose of oil base mud. Qi] base 
mud is used mainly for drilling the pro- 
ducing zone or zones of oil or gas wells 
in order to give maximum possible pro- 
ductivity. It may also be used as a drill- 
ing medium to combat heaving shale or 
for drilling through salt domes, anhy- 
drite, cement, gypsum, or other water- 
base mud flocculating materials. The 
main reasons shales tend to heave, other 
than due to lack of proper weight of the 
drilling fluid, is because they are either 
hydrous disintegrating, or are washed 
loose by excessive infiltration of the 
liquid components of the mud. Salt, an- 
hydrite, cement, gypsum, etc., tend to 
flocculate a water base mud because the 
water or the base of this drilling fluid is 
adversely affected by these materials. A 
properly constructed oil base mud is not 
harmed by these materials because its 
base is unaffected and thus no floccula- 
tion occurs. 


@ Properties of drilling mud. The 
functions of a drilling fluid are well 
known. The properties an ordinary drill- 
ing fluid should possess are as follows: 


1. Ability to be readily usable at most 
any desired specific gravity. 

2. Allow ready control of the vis- 
cosity. 

3. Possess the proper gel strength or 
thixotrophy to maintain cuttings and 
weighting material in suspension while 


the drilling fluid is motionless in the 
hole. 


4. Have a low fluid loss, i.e., good 
peering properties. 





*Presented at Annual Meeting, American In- 
stitute of Mining and Metallurgical Engineers, 
New York, New York, March 17-22, 1947. 


5. Allow sand and cuttings to settle 
out in the settling ditch or pit. 

6. Permit satisfactory cement jobs to 
be obtained. 

7. Allow good results to be obtained 
with electrical logging equipment. 

8. Possess all of the above properties 
throughout the temperature range to be 
encountered in any particular well. 

In addition to the above listed eight 
points a reliable oil base mud has the 
following features: 

1. Has perfect plastering properties 
under normal API testing procedure, 
ie., a zero fluid loss. 

2. Is unaffected by salt, cement, anhy- 
drite, gypsum, etc. 

3. Does not gas-cut if used with proper 
viscosity range. 

4. Has maximum deplastering prop- 
erties (at least 96 per cent). 

5. Does not foam or ferment. 

6. Can be readily regenerated for use 
over and over again. 

7. Allows much greater bit time on 
bottom due to better lubrication and less 
heat generation. 

8. Eliminates the necessity for swab- 
bing, scratching, or washing. 

9. Forms a very thin mud cake (+ 
1/64-in.). 

10. Contains no harmful ingredients 
to block the producing zone should the 
plastering properties be allowed to de- 
crease by inadvertent oil dilutions or 
lack of adequate control. 

11. Is easy to handle and requires 
minimum of additive materials for con- 
trol. 

12. Allows drilling of a “to gauge” 
hole.* 

13. Permits accurate core analysis. 

In order for an oil base drilling fluid 


to possess the above-named properties it 
must be made from certain correct ma- 
terials, mixed with the proper type of 
oil, displaced after use from the well 
with a “live” crude oil, and should be 
kept free of any excessive amounts of 
water during its use or storage in order 
to keep the cost of regeneration to a 
minimum. 
@ Construction of a good oil base mud 
and why. A well-formulated oil base 
mud is a synthetic drilling fluid con- 
structed to perform all functions of an 
ordinary drilling mud and offer certain 
desirable attributes not present in water 
base muds. A desirable oil base mud 
should perform the following functions: 
Deposit an ultra-thin mud cake, permit 
100 per cent deplastering of the well 
bore and lose no water to the producing 
zone to cause decreased production due 
to Jamin action?-3 or by what is more 
simply termed “water blocking.”** 
Both oil base drilling fluids now on 
the market rely on air blown asphalt as 
the colloidal medium for plastering 
properties. One of these oil base fluids 
contains a special type of air blown 
asphalt that will not only give excellent 
plastering properties but also provide a 
large part of the necessary gel strength 
even at high temperatures. Where good 
plastering characteristics and proper gel 
strength are not inherent in the asphalt 
used® they may be provided by the addi- 
tion of gelling ingredients® and in some 
cases additional colloidal material.? It is 
essential that any additives shall not be 
of a type to cause blocking should they 
filter into the producing zone.® Inade- 
quate plastering properties that would 
permit this infiltration might be caused 
by inadvertent oil dilutions, wrong type 










































































TABLE 1 
r eee 
| Plastering properties 
API Acid | Aniline Throughput in ml ap Gel ctrength 
Type oil Location gravity, | number | point, é Remarks 
deg. °F 0 10 15 30 45 60 |Cake, in.| T.S. | B.S. Gel 
Diesel... ve Se ee 34 0.51 140 0 0 0 0 0 0 0 | +1/64| No | No | V.G. | Very good mixing oil. 
Gas oil. een Columbia...........} 38.6 | <0.05 176 O | 10.3 | 13.9 | 17.6 | 26.4 | 32.7 | 37.9 | 41/4 No | Small! No A very bad mixing oil. 
Gas oil plus hig 
=a gas ng Columbia plus Calif..} 36.2 |<0.05 138 0 0 0 0 0 0 0 | +1/64| No | No | Good | Mixing oil almost repaired. 
ove blend plus 
0.2% Chem “V".| Columbia wae Calif..| 36.2 0.56 138 0 0 0 0 0 0 0 | +1/64| No } No | V.G. | Nowa good mixing oil. 
Gas oil Wyoming. . vocet ee 0.18 148.5} 0 0 0 0 0 0 00 | +1/64| No | No |V.V.V.G.) Mud much too thick. Mixing 
i ; oil too low gravity. 
Distillate ee 44.6 0.01 154 0 0 0 0 0.1} 0.5 | 0.7 | 41/32 | Slight} No Fair | Mixing oil too high gravity, 
fairly high aniline pt., acid 
| number too low. 
Benzol Pennsylvania. ...... 29.6 |<0.05 zero 0 0 0 0 0 | 0.1) 03 ? Bad | Bad No | Aniline pt. much too low. 
Bad set- Bad ase gave erroneous 
tling 7 plastering test 
Gas oil (cracked).| Oklahoma.......... 31.5 |<0.05 86 0 0 0 0 0 0 0 | 41/64 {Slight} No | Weak = — too low. Add 
em 
Gas oil oo 0.2% 
Chem “Vv” Re ae 31.5 0.50 86 0 0 0 0 0 0 0 | +1/64| No | No | Good oe eee raising ani- 
ne pt. will also 
Gas oil California.......... 32.5 1.60 133 0 0 0 0 0 0 | +1/64| No | No | V.V.G. | Acid number - hi. Gel 
strength too high 
Gas oil California.......... 32.5 0.50 + 133 0 0 0 0 0 0 | +1/64| No No V.G. | Very good mixing oil. 
Standard test samples used for all tests. V.G.=Very good. 


T.S.=Top settling. 
B.S.=Bottom settling. 


V.V.G.= 


good. 
Plastering properties tested with 100 psi wall building tester. 


ery very g 
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TELEPHONE NUMBERS 
AT SERVICE BRANCHES 


Kilgore, Texas 
Albert Hastings 
1800 East Longview St. 
Phone 597-J 


Monahans, Texas 
Kenneth Lamer 
Box 854 
Phone 237-J 


Great Bend, Kansas 
Tommy Knobloch 
Box 163 
Phone 877 


Mount Vernon, Illinois 
Vern Alle 
518 No. Eleventh St. 
Phone 617-3 


Compton, California 
rge Lewis 
909 Alemeda St. 
Phone Newmark 2-418) 


Tulsa, Oklahoma 
Doug Lawrence, Service Mgr. 
John G. Leyh, Ass‘t. Mgr. 
Mike Pallein, Shop Foreman 
2801 Dawson Road 
Phone 9-6381 





of mixing oil, or material dilutions that 
largely change the ratio of correct pro- 
portions of the colloidal material pres- 
ent. 5 

In regard to deplastering properties 
and mud cake removal there are a few 
points that will bear noting. 

Ordinarily when a well has been com- 
pleted with water base mud, this mud is 
removed as much as possible from the 
well by displacing it with water or oil or 
by swabbing or bailing. 

A clay-water mud cake is only diluted 
and not disintegrated when washed with 
water or crude oil. The same general 
point applies to oil base muds. If an oil 
base mud was constructed to stay to- 
gether with crude oil as the base, its mud 
cake will only be diluted when the mud 
displacement takes places with crude oil. 
Oil base muds must be made with a re- 
fined type of oil as the fluid phase in 
order that the wall cake laid down can 
actually be chemically disintegrated 
while being displaced with live crude oil. 

All oil base muds are adversely af- 
fected by water, some to greater extents 
than others. The two main effects, de- 
pending upon the degree of water con- 
tamination, are increased viscosities and 
settling of the weighting material, which 
becomes water wet. Thus the holding of 
water contamination of oil base drilling 
fluids to a minimum is very important. 
One oil base drilling fluid can be cheaply 
and successfully regenerated from water 
contamination, This is accomplished by 
the use of a special type of unslacked 
lime in accordance with U. S. Patent 
2,316,967. If any so-called regenerating 
material is water soluble then obviously 
it does not remove the water and thus 
regeneration has not been obtained. 


Water content of oil base muds con- 
taining asphalt are only obtainable by 
means of an ASTM distillation test— 
they cannot be determined by centrifug- 
ing, emulsion breaking chemicals, or by 
a filter press. 

Cementing can be done with excellent 
results in certain formulated oil base 
muds; however, less than 16-sack jobs 
have been more or less hit or miss as in 
water base muds. Due to the thin wall 








TABLE 2—Fig. 1 











STATE—California 
Offsetting wells 
Oil base Water base 
Initial production: 
Bbl per day...... 369 330 
Cut, per cent.... 0.2 0.1 
Flow bean, in.... 12/64 11/64 
Later production: 
Months later..... 3 10 
Bbl perday ..... 350 284 
Cut, per cent.... 0.1 0.2 
Flow bean, in..... 12/64 10/64 
Bottont hole pres- 
sure, pSi......... 2250 2370 
Producing zone in- 
SS ee 178 170 
Type of producing 
et RRS Sand Sand 
Approx. ‘esa 
Te” See 600 600 (est) 
epee 250. 60. 
Remarks: 
P.I. at initial rate | Flowing in tanks | Flowing in tanks 
’ 45 min after 4 hr after 
bringing in bringing in 
(clean-up time) | (clean-up time) 
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cake, a good bond is made, facilitating 
the cementing job. No water should be 
run ahead of or behind the cement. No 
appreciable results have been effected 
by this practice and it only adds to the 
contamination of the oil base mud. Plas- 
tic cement has recently been used with 


much success in oil base mud. This type — 


of cement has no water loss and thus is 


excellent for oil or gas zone work. As. 


low as a 26-gal job has been completed 
successfully. 

For accurate core analysis, the drill- 
ing fluid used must lose a minimum 


FIG. A 
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amount of fluid to the formation so that 
the core taken will be unflushed and the 
center portion of it will be uncontami- 
nated. Water base muds do not possess 
this desirable feature.® 


Oil base mud, since it contains oil, is 
injurious to ordinary rubber and some 
inferior grades of synthetic rubber. How- 
ever, this problem has recently been 
solved and adequate synthetic rubber 
products such as pump valves, pistons, 
pipe protectors, pipe wipers, etc., are 
now on the market. 

In general it has been found that in 
hard shale or very hard sand the drilling 
rate with oil base mud is somewhat 
slower than with water base mud (un- 
less a diamond bit is used) ?° due to the 
fact that it does not filter water ahead of 
it to soften the formation. 

Due to the fact that there is no solu- 
tion of the formation drilled, minimum 
pump pressures should be maintained. 
Reduced pump pressures have the effect 
of lengthening the useful life of rubber 
parts of the drilling equipment that 
comes in contact with oil base mud. 


In ordinary sand or sandy shale the 
drilling rate is faster than with water 








TABLE 2—Fig. 2 
STATE—California 




















Offsetting wells 
Oil base Water base 
Initial production: 

Bbl per day...... 1563 558 

Cut, per cent.... 0.4 1.0 

Flow bean, in..... 48/64 1 
Later production: 

Months later..... 11 14 

Bbl per day...... 311 125 

| aera 0.8 2.0 

Flow bean, in.. 10/64 10/64 
Bottom hole pres- 

sure, psi...... Re 3635 3580 
Producing zone in- 

terval, ft........ 110 90 
Type of producing 

Be scacnccks: Oil sand Oil sand 
Approx. permeabil- 

a. ree 60 60 
DWichacaseceexenc 1.42 0.144 
Remarks: 

P.I.’s run 3 poner mpleted 12/28/}Co eogieied 8/14/ 
after completion. ubing pres-|4 ubing pres- 

After initial produc- eth for above oath for above 

tion both wells “Later produc- “Later produc- 
choked down. tion,” 1450 psi. {tion,” 700 psi. 





TABLE 2—Fig. 3 
STATE—California 























Offsetting wells 
Oil base Water base 
Initial production: 
eS eer 1575 1030 
Se ee 0.1 0,1 
Tubing pressure, psi...... 530 500 
Casing pressure, psi....... 1300 840° 
Flow bean, in............ 40/64 64/64 and 
Later producti _ 
ater uction: 
Months later............. 4 4 
ee 525 282 
2 Sere 0.1 3.2 
Tubing pressure, psi...... 300 300 
Casing pressure, psi....... 700 500 
Flow bean, in............ 32/64 40/64 
Bottom hole | pressure, psi 1834 1450 
ger zone interval, is 270 260 
Type of gremaeng 2008: - -. Oil sand Oil sand 
sa permeability, md. . 300 300 
Rata ales Saale eters ciara 5.73 1.22 
Remarks: : 
Operator states that differ-} Well com- | Well com- 
ence in bottom hole res} pleted 9/46 | pleted 9/46 
is due to rapid depletion of 
zone in area. 
ad of oil produced, 
PEE, re 30.4 30.7 


No. 1 





base mud because instead of washing 
loose the formation, a “to gauge” hole is 
drilled and longer “time on bottom” may 
be maintained due to better lubrication 
and less heat generation. On the aver- 
age, the drilling rate with oil base or 
water base mud is comparable. 


Ordinarily oil base mud is used main-- 


ly to drill into the oil zone and this is 
done after casing has been set above the 
zone. By this means less oil base mud is 
needed for circulation and initial cost 





FH. B 


outlay is reduced. If casing has been set, 
obviously a smaller hole than the one in 
which the casing is set must be drilled 
into the zone. If it is desired to drill the 
same size hole all the way to bottom in 
order to eliminate the hanging or ce- 
menting of a liner, and thus run casing 
and gun perforate, the following sug- 
gestion is offered in order to keep from 
losing a substantial amount of oil base 
mud behind the casing after the drilling 


is finished and the casing is cemented in 


THE PETROLEUM ENGINEER, Reference Annual, 1947 





PCr CEFR Crecrsti & Fz 


Ei 
: 
H 
4 


if 


—ITTITITITI RTT), KvTMIDTTTDT is 





ete : 


mene * Seen cates Gees Ceees 4enes " 1886 Bi 


a oa 








nA TST 











COMPANY 


FIELD OR AREA sage j 5 : 1 | 
. : | ' 


COUNTY na STATE tees H 
SECTION TOwnsetr RANGE i ? 
LOCATION 6000" tr SE. O2750' H Sm of an 

a oe Location of Well 


~ oa Gooden Survey H 
a a 8750" fr 7/La 
H 1650° fr ¥/. of 





ANWaROD 
Tae 
AIABNS 


20 CBw 
ALNNOD 


oom BAAS 


One fest eheve retery 
we 

RUN NO. One 
FIELD: CARTHAGE 
SURVEY 
COUNTY PANOLA 
STATE: TEXAS 
festage Gecerded—............ ™®. 

. FILING No. 
Wiel Pictds.......122%0 ON, OME OO 











vIONVd 


2% & swan 
e* 
oY 





S222932 
2OVHLUWD 


i 
, 
i 





S24" dle 


KK wcArinns @ AE Facet 





19°46 
REMARKS OF OTHER DATA 
tied impedence no! obtemadie 
Curves mode with Specie! Bush Electrode for Ov! Bese Mud Logprg 








REMARKS 




















RESISTIVITY 


cohen min 











































































































THE PETROLEUM ENGINEER, Reference Annual, 1947 











TABLE 2—Fig. 4 























STATE—California 
Comparable wells 
Oil base Water base 
WOM carci eeeantGscacdaaaewandinweminuct sins A B Cc D 
Initial production: 
BOR OE IAT 55 cia ss cease a cee cisincene | 730 509 325 284 
ce BRP Cane or oer ee | 0,1 0.1 03 0.4 
No. v Saisie Garren thine eau naecae | P P P 
Pumps speeded up for purpose of 
Later production: taking P. I. 
ETT COE ia . 21 21 
0 a | No data—pumps slowed down 400 524 
OS EE Ce under proration. 0.8 26 
Flow bean..........- Wei mene ire < mcvielses E : P Pp 
Bottom hole pressure, p@l.......-...-.---++-- 815 720 775 1005 
Producing zone interval, ft.........-.....--. 1180 1220 1060 1100 
Type of producing zone................-.--- Oil sand Oil sand Oil sand Oil sand 
Approximate permeability, md............... 400 400 400 400 
rk AAP Pe ne Pree ee ot 6.46 6.69 2.35 4.58 
Remarks: 
Gravity of oil produced API... .... 18.4-19.1 19.6-19.9 20.1-21.3 21.2-20.6 
None of wells pumped down. Well completed | Well completed | Well completed | Well completed 
2/46 3/46 7/44 7/44 
H Bottom hole press. | Bottom hole press. 
| at 4/46 703 psi | at 4/46 814 psi 











place: (a) Drill to the top of the oil 
zone with conventional mud; (b) change 
to oil base mud; (c) drill the oil zone; 
(d) pull the drill pipe up to the top of 
the oil zone and displace the oil base 
mud with the conventional mud; (e) 
run casing to bottom and cement it using 
oil base mud to force the cement down 
the casing; (f) gun perforate as de- 
sired; (g) run tubing and displace the 
oil base mud with “live” crude oil. 

In this manner about the only oil base 
mud that will be lost is the amount left 
in the oi] zone interval prior to running 
casing, which now of course will be 
ahead of the cement and behind the 

_casing. 

As it has been previously pointed out 
that a good oil base mud has all the 
necessary properties of a water base mud 
and many additional features, it thus 
follows that there is no reason why long 
intervals of open hole drilling cannot be 
accomplished the same as with a water 
base mud. To date oil base mud has been 
used in open hole in excess of 8000 ft in 


California and in more than 7000 ft in 
Louisiana with good results. 

In regard to the cost of oil base mud, 
it is initially more expensive than water 
base mud because it is made with oil in- 
stead of water; however, since a good oil 
base drilling fluid can be used over and 
over again, the actual cost of it is only 
the amount used and lost on each well, 
which with adequate control and super- 
vision amounts to an average of about 
10 per cent. When the final cost is thus 
examined, it has been found in a great 
many cases that this cost is actually 
comparable with the use of water base 
mud. Quite frequently if the savings 
effected by the use of fewer bits and 
reamers, fewer round trips, lack of swab- 
bing time and production clean-up time, 
are converted into dollars and cents the 
relative cost of using oil base mud is 
negligible. 

Special equipment other than oil re- 
sistant rubber products is not necessary, 
although as with any mud, substantial 
time and money can be saved if the drill- 








TABLE 2—Fig. 5 


STATE—California 





Comparable wells 























Oil base Water base 
Tee RTT A B Cc D | E | F 
Initial production: | 
| a 117 97 128 72 | 87 52 
Serer ere rrre 17 10 2 24 23 58 
eS ee P P re P P 
Later production: 
NE ods ok 54.040, ci kao as 1/3 1/3 1 1 6 1 4 2 
I cis acs docuwes<s 108 94 125 79| 92 | 84] 85 | 7 
NNR a 5 6:5.0:5.0:5:04.5.0.5:0.00:550°5 12 7 5 12 8 11 8 45 
ON Se Pp P P P P P 
Bottom hole pressure, psi............ 220 220 173 220 220 220 
Producing zone interval, ft.......... 589 588 _573 626 580 539 
Type of producing zone.............| Oil sand Oil sand Oil sand Oil sand Oil sand Oil sand 
Approximate permeability, md....... 300 300 300 300 300 300 
PTE. HO Diet RRR OR tO) -4 8 8 ny tere 1.35 0.66 0.86 0.40 0.38 0.135 
Remarks: Well never | Well never | Pumping at | Pumping at | Pumpingat | Pumping at 
pumped pumped capacity capacity capacity capacity 
down. down. 
Poor pump efficiency 
For last 30 
days since | 
above data, 
} n mak- H ' 
' ing 106 bbl | 
per day net. | | 

















ing rig is equipped adequately with the 
proper tankage, mud guns, portable suc- 
tion pits, and ditches. If sacked oil base 
material is used, a heating coil in the 
mixing pit will facilitate the mixing. If 
premixed oil base mud is used, no heat- 
ing coil is necessary. 

There are two features about an oil 
base mud that should be better under- 
stood. There is the possibility of fire with 
any oil solution. This is considerably less 
possible with a good oil base mud than 
if straight crude oil were being circu- 
lated, however, as the flash point of the 
average oil base mud is approximately 
230 F. It is a matter of record that with 
one type of oil base drilling fluid that 
there has not been a rig fire in well over 
1000 jobs. Also it has been noted that on 
many jobs, with this particular type of 
oil base mud, the crew smoked continu- 
ously around the rigs. Normal precau- 
tions should be taken in regard to fire 
even though the possibilities are remote. 

Second, as all present commercial 

types of oil base mud contain asphalt. 
they vary in color from dark brown to 
black. This feature usually has adverse 
psychological effect upon a drilling crew 
doing their first oil base job. However. 
with adequate control and cooperation 
a rig can be kept as clean as desired and 
in some cases when the companies use 
covered pits and ditches and pipe wipers, 
the oil base mud is scarcely seen by the 
crew. Unlike crude oil, a good oil base 
mud will plaster and not penetrate work 
clothes as experienced by men in the 
rod gangs. If the oil base mud. does not 
contain lampblack or other ingredients 
undesirable from the personnel stand- 
point it may be removed from skin or 
clothing with cleaning solvent, hand 
cleaner, grease removing soaps, etc. 
@ Effect of different types of mixing 
oil on oil base drilling fluids. The type 
of mixing oil used for any oil base mud 
containing blown asphalt as the plaster- 
ing agent is very important as the re- 
sults show in Table 1. Even though the 
correct materials and proper proportions 
are used to manufacture an oil base mud, 
if the wrong type of mixing oil is used 
for the base, the plastering properties, 
gel strength, viscosity, weight, deplaster- 
ing properties, and even the initial abil- 
ity to mix the proper materials together 
to form the mud, will suffer. These gen- 
eral facts may be listed as follows: 

1. The weight of the drilling fluid will 
vary approximately 2 lb per cu ft direct- 
ly with the API gravity of the mixing 
oil—in general, the lower the gravity, 
the higher the weight of the resulting 
mud. 

2. The viscosity of the drilling fluid 
will vary with the gravity and acidity of 
the mixing oil—in general, the lower the 
gravity and the higher the acidity, the 
higher the viscosity. 

3. The gel strength will vary with the 
acidity, aromatic content, gravity, boil- 
ing points, aniline point, and surface 
tension of the mixing oil. 

4. The plastering properties will vary 
with the aniline point, acidity, gravity. 
aromatic content, surface tension, and 
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6-S SWIVEL * 


220-ton capacity. Co 
pletely field-tested 
throughout. Anti-fric- 
tion heavy duty roller St 
bearings operate sub- \ mgs a 
merged in oil. “ie 


THE 











EWSTER MATCHED 
Of DRILLING EQUIPMENT 


Ham and eggs belong together. They’re good separately— 
but together they’re hard to beat. 


FOR 7,500° DRILLING 


This combination of Brewster Matched Drilling Equipment 
is hard to beat, too. Each piece is individually excellent— 
together they form a drilling team that’s dependable and 
economical. 


Brewster also builds drawworks and accompanying equip- 
ment for drilling to 4,000 or 10,000 feet. Write for com- 
plete information about Brewster Matched Drilli gf Equip- 
ment. ii] 


“N-7 DRAWWORKS RS-18 OILBATH ROTARY/# 


Streamlined and compact, with transmission and a oe oe ae 
drawworks unitized on single skid. 4-speed 500 H.P. opening, Box-type. one-piece of 
transmission gives 8 line speeds. Eye-level control P B- yPe, P y/ YE, 


panel and air-operated controls. ae 














Bperate in 
full table 
bed. 





















3 
200-TON ial 


BLOCK 


Perfectly balanced for 
straight fall. Indi- 
vidual lubrication for 
each of the 5 sheaves. 























SOLD BY THEQMMMOPPLY STORES: 
In the Mid-Continepe sg , 
BOVAIRD SPs 







Streamlined side INDUSTRIAL SUPPLY CO. 











plate—no protruding 





RD SUPPLY CO., Inc. 
420 Lexington Avenue New York 17, New York 


EWSTE | THE BREWSTER CO., INC. 


SHREVEPORT, LOUISIANA. JU. S. A. 
A e 
4 , For Over 30 Years Manufacturers of Crown Blocks, Traveling 
Blocks, Oilbath Swivels, Oilbath Rotaries. 


Unitized Drawworks, Winches. 
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TABLE 2—Fig. 6 




















STATE—California 
Offsetting wells 
Oil base | Water base 
initial production: ; 
Bbl per day (net) 944 552 
. OC Oa eer : me 
Flow bean (production test) ? j 
Later production: 
Months later............ 6 6h5 
Bbl per day (net)........ 251 133 
Cut, POE a er ins 
Flow bean (production test) ? : 
Kottom hole pressure, psi... . 455 564 
Producing zone interval, ft. . 26 24 
Type of producing zone... . Oil sand Oil sand 
Apprex. permeability, md...}| 1106-3000 1100-3000 
i ieisane 4.65 0.90 
Remarks: 
Data taken from API Paper 
No. 901-22-F. See bibliogra- 
phy (9.) - 


TABLE 2—Fig. 7 
STATE—California 


Offsetting wells 











Oil base Water base 
Initial production: 
Bbl per day (net)........ 374 88 
eer a ius 
Flow bean (production test) ? ? 
Later production: 
Months later........ 3 1 
Bbl per day (net)......... 423 65 
BE cracttinsnata wkcaats a os 
Flow bean (production test) ? ? 
Bottom hole pressure, psi... . 136 110 
Producing zone interval, ft... 35 . 3 
[ype of producing zone..... Oil sand Oil sand 
Approx. permeability, md...| 1100-3000 1100-3000 
Pt. RSW ear ner e 7.6 0.98 
Remarks: 
Data taken from API Paper 
No. 901-22-F. See bibliozra- 
phy (9). 





lighter fraction content of the mixing 


oil, 

Thus, from the above points it is seen 
that a set of general specifications for 
the mixing oil’! should be formulated 
and these specifications in one case are 
as follows: 


Gravity 29°- 40° API 
Flash point 130- 180 F 
Initial boiling point 320-420F 
Final boiling point —500- 650 F 
(cid number 0.20-1.50 
Aniline point 90- 150 F 


Surface tension . 
Less than 24 dynes per cm. 


The two most important specifications 
of the above list are the aniline point and 
acid number. Both can be altered in the 
field quite simply so that obtaining the 
right type mixing oil is no longer a prob- 
lem. If the aniline point is too high, it 
can be reduced by blending with the 
selected oil some aromatic or “cat crack- 
er” type oil—this blending oil having 
an aniline point of preferably not below 
90 F. If the aniline point of the selected 
oil is too low, it can be raised by blend- 
ing with some “straight run” type oil or 
some paraffinic type oil. If the acid num- 
ber is too low, this can be rapidly raised 
by the addition of a special petroleum 
fatty acid or napthenic acid now com- 
mercially available.’ 

@ Comparative analysis of electric 
logs. Briefly, the main changes that have 
been made? in equipment in order to 


lug in oil base are the use of contact or 
brush type electrodes, either an oil re- 
sistant or steel cable, and a new electri- 
cal hook-up. Fig. A shows the results of 
a test conducted by an oil company in 
the Wilmington field in California to 
prove whether or not known water sands 
could be successfully logged with oil 
base mud. These logs are for two dif.- 
ferent straight hole wells located about 
150 ft apart. One was drilled and logged 
with water base mud in 1941 and the 
other was drilled and logged with oil 
base in May, 1946. In this particular 
well, the drilling mud was changed to 
oil base at approximately 1900 ft and 
the hole drilled through known water 
sands and then logged electrically. The 
correlation may be readily seen. 

Fig. B represents the oil zones of two 
routine oil base completions. These logs 
were made by a different company than 
those of Fig. A. No nearby water base 
mud logs are presented for correlation, 
for the only water base mud wells off- 
setting these oil base wells have become 
wet since they were drilled some six 
years ago. The third curves and detail 
curves may be readily seen. 

Fig. C represents the gas zones of two 
nearby lime producing zone wells in a 
Texas field. The water base log was made 
by the logging company of Fig. A and 
the oil base logs were made by the third 
logging company and the one represent- 
ed in Fig. B. As may be seen, the logs 
correlate very well. The apparent re- 
versal of the third curve of Fig. C, Curve 
Set No. 1, at approximately 5920 ft 
seems to be a peculiarity of the logging 
method in this particular zone since 
water base logs in this zone appear to 
have similar tendencies. 


@ Effect of oil base vs. water base on 
size of drilled hole. As mentioned be- 
fore, an oil base mud with a zero fluid 
loss is an excellent medium for combat- 
ing hydrous disintegrating or heaving 
shale and because of these very excellent 
plastering properties and the thin mud 








TABLE 2—¥ig. 8 
STATE—Colorado 














Offsetting wells 
Oilbase | Water base 
Initial production: 
Bpl per day (net). 427 345 
Clean ” 
sail BBines4 4 yy 
r uction 
Months later... . 
ee: No information available. 
Flow bean...... 
Bottom hole pres- 
sure, psi...... oT 1900-2700 1900-2700 
Producing zone in- 
terval, ft........ 60-600 60-600 
Type of producing : 
en a Tight sand Tight sand 
Approx. permeabil- 
ity: max. 24 md. 
min. 0.8 md. 11 md limd 
Avg. for 13 wells) 
ne SSE are 0.899 0.746 
Remarks: P.I.’s are average Initial production 
for 22 water basejis average for 29 
wells and ‘10 oil|water base wells 
base wells. and 21 oil base 
wells. Most of the 
water base wells 
were shot whereas 
the oil base wore 
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cake involved a “to gauge” hole is the 
ordinary result achieved with this type 
of drilling fluid. 

Fig. D shows two caliper logs run on 
comparative wells in a Texas field. Curve 
No. 1 is for a well drilled with water 
base mud and Curve No. 2 is for a well 
that was completed with oil base mud. 
In this particular field a running shale 
condition exists and washouts are com- 
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for Better 
Rotary Drives 






Rex Field Engineer 


Balanced design is the secret behind the ability 
of Rex Chabelco Oil Field Chains to operate 
more efficiently and last far longer. For ex- 
ample, while the precision-formed holes for 
the pins and bushings are of different size, the 
strength of each end of the side bar is bal- 
anced against that of the other. Thus strength 
for strength, in the side bars, pins and bush- 
ings Rex gives you the balanced design that 
saves weight, adds efficiency and promotes long 
life. It’s one of the reasons why Rex Chabelco 
Chains have the strength to handle modern 
drilling ... why they wear evenly . . . why they 
do not get sloppy or develop poor sprocket fits. 

Rex Chabelco Chains have other equally 
outstanding design features. Built-in lubrica- 
tion system assures adequate lubrication of all 
working parts. Heavy force fit assembly of 
all parts assures a link that stays put. 


For all the facts and for application assistance, see the Rex 
Field Engineer or write Chain Belt Company, 1719 W. Bruce 
St., Milwaukee 4, Wis. Rex Oil Field Chains are for sale in 
all oil fields. 
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TUBING HANGER 


Fully Patented 
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HERCULES 


Hercules Tubing Hanger insures 
absolute safety ... eliminates 
the hazard of dropping tubing 
caused by pinched off collars, 
rigs burning or blowing down, 
or by other accidents. Hercules 
saves time... to repack you 
do not have to lift tubing, dis- 
connect well or interfere with 
pumping operation. Packing is 
above slips, distorted by means 
of a screw-threaded nut. Here 
evles has few parts... is easy 
to install. Made to fit 442" OD 
to 10%4”" OD Berry Pattern Cas- 
ing Heads and for 2”, 2/2" and 
3” tubing. 


Sold at all supply stores. 


Teeck COMPANY 


TULSA, OKLAHOMA, Box 286 


EXPORT OFFICE: 30 Rockefeller Plaza 
NEW YORK, U.S.A, 


| CABLE ADDRESS: HERTOCO 
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TABLE 2—Fig. 9 



































STATE—Texas 
Offsetting wells 
Oil base Water base 
Ris. Goins sansay nomeset dete aes A B Cc D E 
Initial production: 
EN a diac: ¢ 45,05. sro baci see nina acats 102 92.4 106 38.6 37.2 
SSC rere oe 7 0.2 ? 0.1 ? 
NOTIN 55.6 555:65¢.0:c.scoesuo:e ects sees 375 380 210 70 75 
RONNIE DMD 5.5 5.20 ese sane ca 200 0 50 600 800 
NaI 5500 5 Sri nisiiarsisisiskaiayns 6 4 <toreed< 5/32 9/64 6/32 6/32 5/32 
I oes og sig dinaciaisiaiacns ncrars 427 378 298 362 526 
Later production: 
I a scissrksarsle.s is sa Gin seed diem sSiden ) 
ES 055 aise, rane onninancaccecee | r ; 
day a One = No information available. 
eer rere 
Bottom hole pressure...................... 
Producing zone interval, ft................. 
Type of producing zone.................... Sand and Sand and Sand and Sand and Sand and 
; a sandy shale | sandy shale | sandy shale | sandy shale sandy shale 
Approximate permeability, md............... 50 : 50 50 50 
. r Be ree lee re Nels anionic 559 SiaiSc essence No information available. 
Remarks: __ | Wells flowed immediately upon displac- | Well had to |Well would not 
Bottom hole pressure for all wells approxi- ing oil base mud with crude oil. be swabbed. /flow. After jettin 
mately 2170-2200 psi. with gas severa 


eeks, n to 
= 








mon. The operator stated that all water 
base well caliper logs were approxi- 
mately the same as Curve No. 1. While 
completing the hole with oil base (Curve 
No. 2) this running shale condition, for 
all practical purposes, was unnoticed. As 
may be seen from the curves, the maxi- 
mum hole size deviation with the oil base 
was 11% in. and this deviation only oc- 
curred in one short section. With the 
water base mud, for the same footage 
of hole as drilled with the oil base in the 
comparable well, the deviation of hole 
size was almost 12 in. and occurred in 
various places, causing noticeable drill- 
ing hazards. 


@ Well completions. In Table 2 vari- 
ous offsetting and comparable oil base 
and water base mud wells have been 
compared for numerous fields in the 
United States. The names of the oil com- 
panies and the numbers of the wells 
have been deleted from the data in ac- 
cordance with an agreement with the oil 
conmipanies releasing the data. In gen- 
eral, the figures presented are self-ex- 
planatory. It will be noticed that the 
average permeabilities of these produc- 
tion zones range from 1 millidarcies to 
3000 millidarcies and the productivity 
indexes range up to 250. The fields 
shown are not in the following order, 
but include Wilmington, California; Elk 
Hills, California; Orcutt, California; 
Coles Levee, California; Cymric, Cali- 
fornia; Rangely, Colorado, and Char- 
lotte, Texas. Information could not be 
obtained for adequate presentation at 
this time for comparisons from other 
parts of Texas, New Mexico, Louisiana, 
Kansas, Oklahoma, Pennsylvania, or 
South America, due to lack of data or 
company policy regarding such release, 
but the data presented does indicate a 
very definite trend. 


@ Conclusions. To obtain the maxi- 
mum productivity from oil or gas wells, 
the producing zones should be drilled or 
cored with a good oil base mud so that 
these producing zones will not be water 
blocked or mudded off. 


In order to thoroughly fulfill the 
optimum possible properties to be de- 
rived from an oil base drilling fluid, it 
should be made from the proper ma- 
terials and mixed with the correct type 
of oil for its base. 

With proper supervision and coopera- 
tion wells can be completed with oil base 
mud for little more actual cost than is 
involved were conventional water base 
muds used. If the cost of oil base mud 
were several times higher than it is now, 
results show that this cost would be 
warranted. 
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The New Super Titan Model 


Name your depth... then look to a Wilson Rig 
to take you down with plenty of power. . . speed 
... economy. Each Wilson Model, with its maxi- 
mum depth capacity, has been engineered to do 
a better drilling job for you, because they are... 
easy to operate... easy to repair... plenty of 
zip in coming out of the hole... power to drill 
through any formation .. . made to withstand the 
most gruelling treatment. Now is the time to 
order your Wilson Rig. Investi- Wilson Rigs and Winches co" | 


gate now ...let us demonstrate | Be Purchased From All Recog- 
their superiority. nized Supply Companies. 


WILSON MANUFACTURING CO., inc. @ wichita FALLs, TEXAS 
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Testing of drilling fluids* 


T ue tests that are commonly made to 
evaluate drilling fluids by the measure- 
ment of certain properties of the mud 
and mud filtrate are discussed in the 
paper. These tests will be made on a 
native mud from a well in East Texas. 

The evaluation of the physical prop- 
erties of the mud will be made accord- 
ing to “Recommended Practice on Stand- 
ard Procedure for Testing Drilling 
Fuids,” API Code No. 29 (Second Edi- 
tion, July 1942). 


@ Density. Code No. 29 states, “Mud 
weight shall be determined by the use 
of any accurate instrument for deter- 
mining specific gravity or density of 
fluids.” Two instruments are in common 
use: the Hydrometer and the Mud Bal- 
ance, 

@ Hydrometer. The Mudwate Hydrom- 
eter (Fig. 1) consists of an aluminum 
float spindle with calibrated stem, a de- 
tachable Bakelite cup, and metal carry- 
ing case. As with any other measuring 
device, the Mudwate Hydrometer must 
be used with a certain degree of care if 
accurate readings are to be obtained. 
There may be some variation in the 
readings because changes in tempera- 
ture of the water in the bath cause 
changes in the equilibrium position of 
the float. Accuracy of the Hydrometer 
may be assured by maintaining the water 
in the outer container at the temperature 
at which the float was calibrated, or 
suitable corrections can be applied to 
compensate for changes in density of 
water with temperature. 

Various combinations of graduations 

are available. These include a three- 
scale combination of pounds per square 
inch per 100 ft of depth (API density), 
specific gravity, and either pounds per 
gallon or pounds per cubic foot. Two- 
scale combinations include API density 
and either pounds per gallon or pounds 
per cubic foot. 
@ Procedure. To use the Hydrometer, 
the cup is detached from the float stem 
by a turn to the left and is filled with the 
mud to be tested. The cup is replaced 
and the excess mud clinging to the in- 
strument is wiped away. The carrying 
case is filled with water and the spindle 
is floated therein. The weight of the 
mud determines the depth to which the 
float stem sinks. The reading at the water 
level as the stem floats free gives the 
density of the mud in the particular 
units of calibration—in this instrument, 
in lb per gal and lb per sq in. per 100 
ft of depth. 

To check the accuracy of the Hydro- 





*Presented at the Drilling Fluids Conference, 
— — College, College Station, Texas, May 

+Manager Houston Laboratory, Baroid Sales 
Division, National Lead Company. 

tCopies may be procured at a cost of 50 cents 
each ‘from American Petroleum Institute, Divi- 
sion of Production, Dallas, Texas. 
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meter, the cup occasionally should be 
filled with fresh water and a reading 
made. Water weighs 8.33 lb per gal or 
43.3 psi per 100 ft of depth. If variance 
is noted, either recalibrate the instru- 
ment by adding or subtracting shot from 
the interior of the float stem, or adjust 
the readings according to the variance. 


@ Mud Balance. The Mud Balance is 
shown in Fig. 2. It consists principally 
of a base and graduated arm with cup, 
lid, knife edge, rider, and counterweight. 
The constant volume cup is affixed to 
one end of the graduated arm, which has 
a counterweight on its opposite end. 
The cup and arm oscillate in a plane 
perpendicular to the horizontal knife 
edge, which rests upon the support, and 
are balanced by adjusting the slide on 
the arm. 


The arm is graduated in pounds per 
square inch per 100 ft of depth and 
pounds per gallon, or pounds per square 


FIG. 1. Hydrometer. 











inch per 100 ft of depth and pounds per 
cubic foot. A metal carrying case is 
available that holds the balance intact 
and in working position with the base 
of the instrument secured to the case. 
It also acts as a protection against wind, 
which may tend to disturb the natural 
oscillation of the sensitive balance dur- 
ing a test. 

The Mud Balance is very durable, 
having no parts that can be broken 
easily. Results are not affected material- 
ly by changes in temperature. The arm 
with cup provides a convenient dipper 
for taking a sample of mud. 

@ Procedure. To operate the Mud Bal- 
ance, the lid is removed and the cup is 
filled with the sample to be tested. The 
lid is replaced and rotated until firmly 
seated, thus expelling the excess mud 
through the vent hole, Any mud adher- 
ing to the exterior of the instrument is 
either washed or wiped off. Next the bal- 
ance arm is placed on the base with the 
knife edge resting on the fulcrum. The 
slide is moved until the instrument is in 
balance, which may be determined 
either by the level on the arm or by not- 
ing the position of the balance arm with 
respect to the base. The density of the 
mud in the cup is then indicated by the 
reading at the left-hand edge of the rider. 

The balance in use here has the arm 
calibrated in pounds per gallon and in 
pounds per square inch per 100 ft of 
depth. 

Density units in ordinary use are 
related as follows: 


“Psi/100ft = Lb/gal ~—sdLb/eu ft = GG /ee 
1 0.193 1.44 0.023 
5.19 1 7.48 0.12 
1.44 0.13 1 0.16 

43.3 8.34 62.4 1 





@ Viscosity. Viscosity is a measure of 
the internal resistance of fluid to flow; 
the greater the resistance, the higher 
the viscosity. 

Neither of the instruments in common 

use is entirely satisfactory for the 
measurement of viscosity of drilling 
mud. 
@ Marsh Funnel Viscosimeter. The 
Marsh Funnel Viscosimeter is used on 
almost every well for routine viscosity 
determinations. Its design conforms with 
the cut shown in Fig. 3. The funnel i- 
6 in. in diameter at the top and 12 in. 
long. An 8-mesh screen across the top 
serves to remove foreign matter from the 
mud to be tested. Each instrument is 
neatly finished inside to allow free flow 
of the mud, and is tested to insure accu- 
racy. The handle has been so designed 
that the funnel can be secured in an up- 
right position ready for use. 

The funnel should be checked peri- 
odically with water. Fhe funnel] should 
give a reading of 26 + 0.5 sec for fresh 
water at 70 F + 5F, the conditions of 
the test being as set forth below. 
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ALLYOU WANT 


| IN A DRILLING ENGINE 


GREAT POWER a RUGGEDNESS to take the toughest kind 


—to drill deep and drive big pumps —to lug of crew handling —to stand the strain of heavy, 









frequent overloads and keep on performing! 


ACCESSIBILITY v-ryee design with com 


plete, easy accessibility to all moving parts. 


FIELD SERVICE... sets servicing — 


with parts stocked at all active points. 


through overloads and lift drill pipe fast. 


FAST G ET-A-WAY. Rapid, smooth accel- 


eration to full power output in seconds! 


MEDIUM SPEED... ¥ 


erformance with minimum wear. 
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THE CLIMAX VU-12 
420 h.p. at 1100 r.p.m. with radiator, fan and power 
take-off. 12 cylinder (7x7), 4 cycle. 


FOR COMPLETE DATA on this high performance oil field 
engine, write for specification bulletin. Address: Climax 


















Industries, Inc., Climax Engineering Division, Clinton, lowa, 


or write nearest distributor. ; 
’ Builder 





akties “aad 


: MiD-CONTINENT DISTRIBUTOR ° 


° 


re CAUFORNIA DISTRIBUTOR 
>. The Continental Supply Company Climox Industries Division Climax Engines & Parts Company 
be. General Offices, Dallas 715 North Ervay St., Dallas, Texas 2050 Santa Fe Ave., Los Angeles 


| Bee 


Climax Industries, Inc., 
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_ pa BY FIG. 2. Mud balance and carrying case. 


@ Procedure. The mud sample is 
poured through the screen until the fluid 
level reaches the bottom of the screen, 
which level represents a volume of 1500 
cc. A finger is held over the orifice to 
prevent the mud from flowing while fill- 
ing the funnel. When 1500 cc of mud 
have been placed in the funnel, the mud 
is allowed to flow into the receiver, 
measuring the time in seconds from the 
instant flow begins until the instant mud 
fills the receiver to the 1 qt level. 

The viscosity determination is made 
immediately after taking the sample 
from a point in the circulation system 
where the mud is subject to violent agi- 
tation, such as just after passing through 
the mud screen. The results are reported 
in seconds. 


@ Stormer Viscosimeter. Within re- 
cent years, the Stormer Viscosimeter has 
come into general use in the field by mud 
engineers. The construction of the in- 
strument is such, however, that it has 
not been practical to place a Stormer 
Viscosimeter on each rig to be operated 
by members of the drilling crew. With 
the Stormer Viscosimeter, viscosity is 
measured under conditions of flow and 
the determination is not affected ma- 
terially by the density of the mud. It has 
the further advantage of providing a 
means of measuring gelling properties 
of the mud, as will be discussed later. 


The Stormer Viscosimeter, shown in 
Fig. 4, consists essentially of a spindle 
that is rotated in a test cup by a pair of 
gears driven by a falling weight. The 
rotation of the spindle is indicated by 
a revolution counter. 


@ Procedure. The mud to be tested, 
screened free of any coarse materials, is 
thoroughly agitated and immediately 
thereafter is poured into the test cup to 
such level as to submerge the inner 
vanes completely. The cup is placed in 
the water bath and this whole assembly 
is pushed upward as far as it will go on 
the support rods and is secured with the 
set screw. The spindle is made free to 
rotate by releasing the brake situated on 
the gear case. The mud in the test cup is 
agitated by the operator revolving the 
spindle by turning the small crank on 
the'line winder. Then metric weights are 
attached to the plumb line until the 
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spindle is made to revolve at a rate of 
600 rpm, as determined by the Stormer 
revolution counter and a stopwatch. By 
means of a calibration chart accompany- 
ing each Stormer Viscosimeter, the 
weight in grams required to achieve this 
rate of shear is converted into centi- 
poises. Readings are recorded as centi- 
poises determined by the Stormer in- 
strument at 600 rpm. 


@ Shear or gel strength. The gel 
strength of drilling mud is a measure of 
the minimum shearing stress necessary 
to produce slip-wise movement, and, is 
a property of major importance in de- 
termining the satisfactory performance 
of a mud. 

The instruments used to measure gel 
strength are not entirely satisfactory. 

The Stormer Viscosimeter described 
above (Fig. 4) affords a means of meas- 
uring gel strengths over a wide range 
and is especially useful in the evaluation 
of chemical thinners. 


@ Procedure. The mud sample is pre- 
pared and placed in the instrument in 
the same manner as for measurement of 
viscosity. Whether or not a viscosity 
reading is taken, the mud in the cup is 
agitated by rapidly rotating the spindle 
for a few seconds just prior to the meas- 
urement of initia] gel strength because 
the gel strength of most muds increases 
rapidly during the first few seconds after 
agitation has ceased. The initial gel 
strength measurement is made by de- 
termining the minimum weight required 
to effect a movement of approximately 
one-quarter revolution of the spindle 
after the brake is released. Weights are 
added in small increments by looping 
onto the string—the mud being thor- 
oughly agitated after each addition— 
until the requisite rotation is obtained. 
The total weight in grams required to 
obtain this rotation is reported as the 
initial gel strength. 


A second gel strength determination 
is made after the mud in the cup has 
been allowed to remain quiescent for ten 
minutes after the initial gel strength ob- 
servation. Additional driving weights are 
added to the line and the brake is re- 
leased. If no rotation of the spindle oc- 
curs, the brake is set again, more weight 
is added to the line, and the brake is re- 


leased again. This process is repeated 
until the minimum weight required to 
cause rotation is found. This weight is 
reported as the 10-min gel strength. If 
more than one minute is required by the 
operator to determine the weight re- 
quired to break the gel, the mud should 
be agitated in the cup and the test re- 
peated. 


@ Shearometer. The Shearometer has 
been used in California fields for sev- 
eral years but has had only a very limit- 
ed use in other areas. The Shearometer 
(Fig. 5) consists of a thin duralumin 
tube 3.5 + 0.1 in. long, 1.4 + 0.05 in. 
ID, and weighing 5 + 0.1 grams. 

The mud to be tested is agitated vigor- 
ously before the Shearometer is placed 
very gently on a quiescent surface of 
the mud and is allowed to sink vertically 
until the cylinder comes to rest. The 
depth of penetration of the tube is 
measured with a suitable scale, which is 
provided as an integral part of the in- 


FIG. 3. Marsh funnel viscosimeter 
and measuring cup. 

























Fig. 4. Stormer viscosimeter. 
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—for complete information on the “Oilwell” No. 96 Draw Works with 1000-horsepower 
compound drive utilizing two or more prime movers; as well as on the following com- 
panion equipment engineered for corresponding drilling depths: 


“Oilwell’’ No. 20-P Power Slush Pump 
“Oilwell” No. 350 Crown Block 

“Oilwell” 80-inch Streamline Traveling Block 
‘Oilwell’ 400-ton Swivel (No. 300-D) ‘ 
““Oilwell’’ 21-A Super-Speed or 27%3-A Rotaries 
“Oilwell” Brantly Rotary Feed Control 


—And remember “Oilwell” is a good place to buy 
all your supplies including: 


American Tiger Brand Wire Lines 
National Tube Co. Tubular Goods 


OiL WELL SUPPLY COMPANY 


BRANCHES SERVING ALL OIL FIELDS 


Executive Office—Dallas, Texas 
Domestic Division Offices—Columbus, Ohio - Dallas, Texas , Denver, Colorado 
Houston, Texas - Los Angeles, California - Tulsa, Oklahoma 
Export Division Offices—30 Rockefeller Plaza, New York 20, N. Y. 
1204 Russ Building, San Francisco 4, California 
Dashwood House, 69 Old Broad Street, London E. C. 2 England 
Field Representation—San Fernando, Trinidad - Maracaibo, Venezuela 
Rio de Janeiro, Brazil * Buenos Aires, Argentina - Lima, Peru 


UNITED STATES STEEL 











strument. This scale is calibrated to read 
directly in pounds per 100 sq ft. The 
range is from 3.0 to 70.0 lb per 100 sq ft. 
Alternatively, the shear strength of the 
mud may be calculated from the follow- 
ing equation: 

Shear in lb per 100 sq ft 

174WL — WUX 
242 23.14 DLX *< 1° 

Where: 

X = penetration, in., 

L = length of tube, in., 

D =diameter of tube, in., 

U = density of mud, lb per cu ft, 

W =weight of Shearometer, lb. 

The results are reported as shear 
strength in pounds per 100 sq ft. If the 





Shearometer is immersed completely 
the shear strength of the mud may be 
reported as zero, and if the Shearometer 
does not sink, the shear strength may be 
reported as too high for determination. 
The shear strength also may be meas- 
ured after any definite period of quies- 
cence following agitation, in which case 
the time of quiescence is reported to- 
gether with the shear strength. 
@ Filtration and wall-building prop- 
erties. Low-pressure filter press. The 
wall-building or filtration property of 
mud is determined by means of a filter 
press, of the type shown here (Fig. 6). 
The filter press consists of a screw press 
frame and filter cell or mud cylinder 
assembly. The mud cylinder has an in- 
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Trustworthy 
Since 1900 





Fig. 103 — (See Below) Acme 
18” B & R Safety Wire Line 
Drilling Clamp. For wells deeper 
than 3000 ft. 


Also — Acme 12” Clamp. (See 
Right} For shallow wells (not 
over 3000 ft.) 






Safety — that ever-vital factor in drilling — is best assured 
by using Acme Wire Line Clamps . . . Because the elements — 
both human and mechanical — built into them are the most 
trustworthy . . . Made possible by 47-years of “know-how.” 


Their 10 simplified, perfected parts are fashioned of uniform 
quality steel . . . Steel that must meet Acme's rigid specifi- 
cations .. . Steel that's CORRECTLY heat-treated in our modern, 
pyrometer controlled furnaces . . . And tested for plus- 
required load carrying strength. 



































Such safety-first measures cost ex- 
tra time and money. But, surely, 
are warranted, through the savings 
they bring YOU—in longer, de- 
pendable service. (Proof! Note 
Acme’s name on 9-of-10 Clamps 
used east of the Mississippi.) 


(Fig. 103) Acme’s 18” Clamp 
for deep wells—weighs 173 
Ibs.; 200-ton breaking load; 
6-to-1 safety factor. Pat- 
ented, non-fouling safety 
links. Perfectly balanced for 
1-man hitch-on. 25-ton load 
gripping surface. 










Acme’s 12” Clamp—for 15- 

tons; weighs 160 Ibs. Same 
exclusive features as 
18” Clamp. . . . See 
color panel: for other 

For more information, see our 24- Acme Drilling Tools — 

page Catalog in Composite Catalog for your more profitable 

(Vol. 1) or tell us your needs — by use. = * 

TODAY'S mail. 


Tool Co. / 


W. VA. 


Va mT 


PARKERSBURG, 


Export Office: 19 Rector St., New York 6, N. matin 
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ternal diameter of 3 + 0.07 in., the 
resulting filtration area being 7 sq. in. 
The top of the cell is fitted with a gasket 
and a machined cap that has a small 
hole for admission of a pressure medium. 
The bottom of the cell is closed by a 
sheet of filter paper (Whatman No. 50 
or 52 or its equivalent) backed by a 
wire screen and a bottom cap with neces- 
sary gaskets to provide an effective seal. 

The filtration is carried on ata pressure 
of 100 + 5 pounds psi. The pressure is 
supplied by compressed air or nitrogen, 
or any other adequate means of main- 
taining constant fluid pressure. We shall 
use a small cylinder containing nitrogen 
compressed at 1800 psi and equipped 
with a pressure regulator and bleeder 
valve. The pressures in the reservoir 
cylinder and in the filter are measured 
by gauges on the regulator assembly. 
@ Procedure. The temperature of the 
mud is determined prior to the test and 
reported as temperature of the run. For 
standard comparisons, a temperature of 
100 F + 5F is recommended; however, 
other convenient temperatures can be 
used. 

In assembling the apparatus, the 

gasket, wire screen, filter paper, and 
cylinder are placed on the bottom cap. 
Sufficient mud is poured in to fill the 
cell within 1 in. of the top. The top cap 
with gasket are placed on the reservoir 
cylinder, the screw press tightened, and 
the pressure applied as rapidly as pos- 
sible. In order to avoid the possibility 
of damaging the regulator or the filter 
press, note carefully the sequence of op- 
erations in applying pressure to the 
filter cell. First, observe that the bleeder 
valve is open and the adjusting “T” 
screw on the regulator is unscrewed. 
Second, the valve on the nitrogen cyl- 
inder is opened about one-half turn. 
Third, the bleeder valve is closed, and, 
finally, the adjusting “T” screw is turned 
until the low-pressure gauge registers 
100 psi. With a graduated cylinder in 
place to receive the filtrate, the volume 
accumulating in 30 min is recorded as 
the filter loss expressed in cu cm. At the 
expiration of the 30-min test period, the 
valve on the cylinder is closed, the pres- 
sure is released through the bleeder 
valve, and the adjusting “T” screw is 
turned to the left until it is free. The 
cylinder and bottom plate are withdrawn 
from the press intact, the excess mud 
fluid is poured out, and the filter cake is 
removed from the bottom plate after the 
latter has been carefully separated from 
the cylinder. The filter cake is washed 
free of excess mud with a gentle stream 
of water and the thickness of the cake 
is measured. The filter cake thickness is 
reported in thirty-seconds of an inch. 
The texture of the filter cake is observed, 
i.e., whether flexible or brittle, slick or 
grainy, firm or soft. Any other qualities 
of the cake that may be indicative of the 
wall-building properties of the mud are 
noted. 
@ Sand content. Although API Code 
No. 29 describes three methods of de- 
termining sand content, only one method 
will be demonstrated because it is far 
superior to the other two in reliability 
of results and simplicity of equipment. 
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Never before has the industry been offered forged steel Christmas trees at 
such economical prices. These fine new Cameron trees are forged alloy steel 
throughout (except for master valve), providing the metallurgical characteristics 
that are so desirable for high pressure oil and gas well service. 
Mass production economy, made possible by a huge 5000-ton hydraulic press forge 
and machines properly tooled for production, enable Cameron to produce well heads 
and flow wings at a substantial saving, which is passed along to the consumer. 
These new Cameron Christmas trees are assembled from Cameron Type ‘‘F’’ Forged Steel 
Casing Heads, Tubing and Flow Wings. The Casing Heads feature an improved slip hanger with 
interchangeable casing seals. The Tubing Heads are of the proven lock screw design and offer 
a wide variety of interchangeable tubing hangers. The Flow Wing is extremely compact, 
combining a complete wing in one small unit, and may be fitted with either a positive or 
adjustable choke. 
















An illustrated bulletin on Cameron Type ‘‘F’’ Well Heads and Flow Wings 

is now available and will gladly be 
me sent to interested operators 
on request. 
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CAMERON IRON WORKS, INC. 


P. O. Box 1212 Houston, Texas 
port: 74 Trinity Place, New York, N. Y. West Texas: Odessa, Telephone 1710. Oklahoma: 310 Thompson Bldg., 
Tulsa. California: 1442 Hayes Ave., Long Beach, (7-2036). Wyoming: 356 N. Wolcott St., Casper. 

North Louisiana: Bossier City, (P. 0. Box 425). 





@ Screen test. The Baroid Sand Con- 
tent Set, as shown in Fig. 7, consists of 
a 200-mesh sieve 2% in. in diam, a 
funnel to fit the screen, and a glass 
measuring tube marked for the volume 
of mud to be added in order to read the 
percentage of sand directly in the bottom 
of the tube, which is graduated from 0 
to 20 per cent. 


@ Procedure. To determine the per- 
centage by volume of sand in a drilling 
mud with the Baroid Sand Content Set, 
the cylinder is filled with mud up to the 
indicated level. The tube is filled with 
water; the mixture is shaken and the 
diluted mud is poured into the sieve. 
More water is added to the tube and the 
sand on the screen is washed free of 


mud. The funnel is then placed on top 
of the sieve, the sieve and funnel are in- 
verted, and the sand on the screen is 
washed into the measuring cylinder. The 
sand is allowed to settle to the bottom 
of the tube, the tube being tapped with 
the finger to secure uniform packing. 
The percentage by volume of sand is 
read from the graduated tube. 

@ Hydrogen-ion concentration (pH). 
Two methods of measuring the pH of 
drilling mud are in use: (1) the elec- 
trometric, employing the glass electrode, 
and (2) the colorimetric, usirig indi- 
cator paper. The electrometric method 
is more accurate than the colorimetric 
method but the equipment required is 
far more expensive and less sturdy. 











Here is a “super” 
bearing designed 
especially for 
super, heavy-duty 
service. Its sim- 
ple construction, 
absolute precision 
and tremendous 
strength assure 
smooth, depend- 
able performance 
in the heaviest 
machinery under 
the most difficult 
operating condi- 
tions. Complete 
technical data 
furnished without 
obligation. Write. 


AMERICAN 





AMERICAN 


ROLLER BEARINGS 


ROLLER BEARING CO. 


420 Melwood Street 





Pacific Coast Office: 
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Pittsburgh, Pa. 


1718 S. Flower St., Los Angeles, Calif. 








FIG. 5. Shearometer. 


@ Glass electrode pH meter. In the 
electrometric method of measuring pH, 
the electrical potential generated in the 
glass electrode system by the hydrogen 
ions in the drilling mud is amplified by 
an electronic amplifier and operates a 
calibrated meter that indicates the pH. 

The glass electrode consists of a thin- 
walled bulb made of special glass with- 
in which a suitable electrolyte and elec- 
trode are placed. In this instrument (Fig. 
8) the internal electrode is a silver- 
silver chloride-chloride buffer solution. 
The glass electrode is sealed to insure 
stability and is provided with an insulat 
ing sleeve. The reference electrode is a 
saturated calomel cell. Electrical con- 
nestion with the mud is established 
through a saturated solution of potas- 
sium chloride contained in the tube 
surrounding the calomel electrode. 
@ Procedure. After making the neces- 
sary adjustments to put the amplifier 
into operating condition, the electrodes 
are immersed in a buffer solution of 
known pH and the meter is adjusted to 
read that value. The electrodes are re- 
moved from the buffer solution, washed 
gently, wiped dry, and placed in the 
mud. The meter reading then indicates 
the pH of the mud. 

Detailed instructions for the opera- 
tion and maintenance of the pH meter 
are supplied with the instrument. 


-@ PH test paper. The pH test paper is 


impregnated with dyes of such nature 
that the color of the paper is dependent 
on the pH of the medium in which it is 
placed. Comparison of the paper with a 
standard color chart affords a means of 
estimating pH. The pH test paper is 
contained in a small plastic dispenser 
having the color chart on the side. Test 
papers are supplied in the wide-range 
type (1-11), with which the pH can be 
estimated to the nearest full unit, and 
the short-range paper, each roll of which 
covers a range of about two units and 
permits the estimation of pH to 0.25 
unit. 

@ Procedure. The pH test paper is 
placed on the surface of the mud and 
after the liquid has wetted the paper 
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FIG. 6. Low pressure filter press. 


(about 30 sec) the color of the paper 
is compared with the color chart. The 
pH may be estimated to one unit if the 
wide-range paper is used, or to 0.25 unit 
using the short-range paper. 


@ Results of tests on mud. Before 
making any tests on the filtrate from the 
mud, let us survey the results of the 
tests which we have completed: 
Weight, lb per gal... 10.8 
Weight, lb/sq in/100 ft_________ 56 
Viscosity, Marsh Funnel, sec _ 44 
Viscosity, Stormer, centipoises 51 
Gel strength, initial, grams.______55 
Gel strength, 10 min, grams ___ 55 
Filtrate, 30 min, ce. 41.0 
Cake thickness, 32nd. inch... 8 


We note these objectionable prop- 
erties: viscosity is somewhat high; the 
initial gel strength is equal to the 10-min 
gel strength; the water loss is too high 
and the cake is too thick. These faults 
point to the presence of some agent that 
has partially flocculated the colloidal 
clay fraction of the mud. It is reasonable 
to suspect salt or anhydrite. Tests will 
be made on the filtrate to determine what 
soluble substance may be responsible 
for the unsatisfactory characteristics of 
the mud. 


@ Chloride content. Theory of test. 
The mud filtrate containing the soluble 
chloride is titrated with a standard silver 
nitrate solution, using potassium chro- 
mate as an indicator. The chloride ion is 
precipitated by the silver nitrate as 
silver chloride. As soon as the chloride 
has been completely precipitated, fur- 
ther addition of silver nitrate will result 
in a red color due to the formation of 
silver chromate. This color change is 
taken as the endpoint. It is customary to 
report the results in terms of parts 
sodium chloride per million, although 
by this method all chlorides present in 


the filtrate (chlorides of magnesium and 
calcium, for instance, in addition to 
sodium) are determined and reported as 
equivalents of sodium chloride. 


FIG. 7. Sand content set. 
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FIG. 8. pH meter. 


@ Apparatus and reagents. Apparatus 
and reagents required are as follows: 
1—Pipette, graduated, 1.0 ml. 
1—Pipette, graduated, 10 ml. 
1—Burette, automatic, 10 ml. 
1—Casserole, 125 ml. 
1—Stirring rod. 
1—Funnel, 9 cm. 
Filter paper. 
Silver nitrate solution 1 ml = 0.0l1g. 
sodium chloride. 
Potassium chromate indicator solution 
in dropper bottle. 
Dilute nitric acid (3N) in dropper 
bottle. 
Calcium carbonate, c.p. powder. 
Activated charcoal, powder. 
pH test paper. 
Distilled water. 


@ Procedure. Measure accurately into 
the casserole such volume of filtrate from 
the mud as will require not over 10 ml of 
nitrate solution. (The quantity of filtrate 
taken may range from 10 ml for fresh- 
water mud to 0.3 ml for saturated salt- 
water mud.) Add about 50 ml of distilled 
water. 

Measure the pH of the diluted sample. 
If the pH is above 9, add a few drops of 
dilute nitric acid, stir, and then add 
enough calcium carbonate to leave a 
slight excess undissolved after stirring. 
Add five drops of potassium chromate 
solution to the neutral solution. Add 
silver nitrate solution. slowly while 
stirring continuously. The end point is 
reached when the color changes from 
yellow to an orange-red, which persists 
for 30 sec. The addition of more silver 
nitrate will produce a bright red color, 
which shows that the endpoint has been 
passed. 

Record the number of ml of silver 
nitrate used in reaching the end point. 

Then, ppm salt (NaCl) 

ml] silver nitrate 


aecareeee i SA 
ml sample 
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IT’S NO ACCIDENT 
that the Martin-Decker 
UNITIZED MUD PUMP 
GAUGE is the world’s 
finest, most sensitive 
and rugged instrument 
for measuring slush 
pump pressure. The 
oil industry’s leading 
weight recording 
measurement and 
control concern de- 
voted years of devel- 
opment work to 
combining a special 
indicating gauge, a 
patented diaphragm 
unit, and a built-in 
pulsation damper in 
one unitized instru- 
ment requiring no tub- 
ings or fittings for 
connection. And best 
of all, it can be moved 
from location to loca- 
tion on a moment's 
notice. 


MARTIN-DECKER CORP. 


LONG BEACH. CALIFORNIA 


T. J. Cullen, Bakersfield, California 
Reed Roller Bit Co., Houston, Texas 














If the mud filtrate is colored with tan- 

nin to such an extent that the endpoint 
cannot be seen in the solution after di- 
luting and neutralizing as above, another 
portion of the filtrate is treated to re- 
move the coloration as follows: To the 
measured filtrate, add 3N nitric acid in 
sufficient amount to change the color 
from red to tan. Add about 0.1 g of 
special activated charcoal, mix thor- 
oughly and filter. If the first few drops 
of filtrate are not clear, add a little more 
filter. Wash the charcoal on the filter 
charcoal and return the mixture to the 
paper with about 50 ml of water. Add 
sufficient calcium carbonate to the fil- 
trate to neutralize the acid. Titrate with 
silver nitrate in the usual way. 
@ Calcium content (soap hardness). 
Theory of test. The standard soap-hard- 
ness test commonly employed in water 
analysis can be used to estimate the cal- 
cium content of mud filtrate. The test is 
based on the titration of the dissolved 
carbon calcium and magnesium salts 
with a standard soap solution. Precipi- 
tation of calcium and magnesium soaps 
will occur and no lather will result until 
sufficient soap has been added to pre- 
cipitate the calcium and magnesium. 
Further addition of soap will cause for- 
mation of a lather, which indicates the 
endpoint. 

In conformity with standard practice 
of reporting results of water analysis, 
the hardness is expressed as ppm cal- 
cium carbonate, although the soluble 
calcium and magnesium salts respon- 
sible for the hardness may be sulphate, 
chloride, or bicarbonate. 


@ Apparatus and reagents. Apparatus 
and reagents required are as follows: 
1—Bottle, glass stoppered, 250 ml. 
1—Burette, automatic, 10 ml. 
1—Pipette, graduated, 10 ml. 
1—-Cylinder, graduated, 50 ml. 
Standard soap solution, 
1 ml = 1 mg CaCO.,. 
Distilled water. 
@ Procedure. First, determine the 
“lather factor” for the soap solution and 
the distilled water to be used. To 50 ml 
of water in the bottle, add 0.3 ml of 
soap solution, place the stopper in the 
bottle and shake vigorously. If a lather 


| is formed, lay the bottle on its side. If 


the lather remains continuous over the 
entire surface of the water for 5 min, 
the endpoint has been reached. If the 
lather breaks in less than 5 min, add 
soap solution in increments of 0.2 ml, 
followed by shaking and waiting as be- 
fore, until a stable lather is formed 
which persists for 5 min. The quantity of 
soap solution used is the “lather factor.” 
The lather factor is usually 0.3 to 0.5 ml. 
The lather factor need be determined 
only once for each batch of soap solution 
and distilled water. 

To determine the calcium (and mag- 
nesium) content of the mud filtrate, 
place 10 ml of filtrate in the bottle and 
add 40 ml of distilled water. Run in 
soap solution equivalent to the lather 
factor. Shake vigorously. If a permanent 
lather forms, the hardness is “zero.” If 
a stable lather is not formed, continue 
adding 0.2 ml of soap solution at a time, 





shaking the bottle after each addition, 
until the endpoint is reached. Care 
should be taken that the endpoint is 
reached as occasionally a lather is ob- 
tained that will break when more soap 
solution is added. This false endpoint 
is caused by magnesium salts but has no 
quantitative significance. To make cer- 
tain that the endpoint has been reached, 
read the burette after the titration ap- 
parently is finished and then add 0.5 ml 
more. The lather will disappear if the 
endpoint was a false one. 

If over 10 ml of soap are required for 
the titration, repeat the test using a 
smaller volume of filtrate. Dilute to 50 
ml with distilled water and titrate as 
before. 

Hardness, as calcium carbonate: 

ppm = 

(ml soap solution — ml lather factor) 


ml sample 
< 1000 


@ Results of tests on filtrate. Using 
Using 10.0 ml of filtrate, 1.2 ml of silver 
nitrate solution were required. Then: 


1.2 10,000 |, 

10.0 _ 
which is not high enough to account for 
the objectionable properties of the mud. 

Using 5.0 ml of filtrate, 8.5 ml of soap 
solution gave a permanent lather. Then: 
Hardness, as CaCO,, ppm = 
(8.5 a < 1000 — 1640 


We have here an explanation for the 
observed properties of the mud. Hard- 
ness in excess of 200 ppm indicates the 
presence of soluble salts of calcium or 
magnesium, or both, in sufficient con- 
centration to affect the properties of the 
mud. In this instance, the clay fraction 
has been flocculated by anhydrite from 
the formation drilled. 

@ Bibliography. Papers listed below 
provide the basis of the standard meth- 
ods now used and describe some special 
instruments and methods that have been 


utilized in evaluating drilling fluids. 

1. “The Effect of Formation Permeability on 
the Plastering Behavior of Drilling Mud 
Fluids,” H. T. Byck, API Drilling and Pro- 
duction Practice, 1940, 40. 

2. “Effect of Temperature on Plastering 

Properties and Viscosity of Rotary Drill- 

ing Muds,” H. T. Byck, AIME Transactions 

136, 165 (1940). Also in Petroleum Tech- 

nology, November 1939. 

. “Drilling Fluid Viscosimetry,’” W. T. Cald- 
well, API Drilling and Production Practice, 
1941, 104. 

4. “Study of Some Phases of Chemical Control 
in Clay Suspensions,” A. D. Garrison and 
K. C. ten Brink, AIME Transactions 136, 
175 (1940). Also in Petroleum Technology, 
November, 1939. 

5. “Evalution of Rotary Drilling Muds,” P. 
H. Jones and E. C. Babson, API Drilling 
and Production Practice, 1935, 22. 

6. “Field Control of Drilling Mud,” P. H. 
Jones, API Drilling and Production Prac- 
tice, 1937, 24. 

7. “Methods of Determining the Filtration 
Characteristics of Drilling Muds,” D. H. 
Larsen, The Petroleum Engineer, Sep- 
tember, November, 1938. Also in Drilling 
Mud, May 1938. 

8. “Evaluation of Filtration Properties of 
Drilling Muds,” M. Williams and G. 
Cannon, API Drilling and Production Prac- 
tices, 1938, 20. 

9. “Radial Filtration of Drilling Muds,” M. 
Williams, AIME Transactions, 186, 57 
(1940). Also in Petrol Technology, 
November, 1939. ‘ 

10. “Standard Methods of Water Analysis,” 

8th. Ed., New York, American Public 
Health Association (1936). x x 
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Marble shooting* 


By J. GORDON BURCH, Burch Agate Torpedo 


@) rerators have long recognized the 
difficulty of maintaining profitable pro- 
duction until the oil and gas in the 
formation has been exhausted. Unques- 
tionably it has always been one of the 
principal problems production men have 
had to deal with. 


Five years after the Drake well was 
completed, Col. E. A. L. Roberts intro- 
duced the idea of shooting oil wells for 
the purpose of relieving the surface of 
the oil producing sands from their en- 
crustments of gypsum, salt, and slime. 
He believed that “the cessation of pro- 
duction is due to the sludge of oil and 
gumbo of mud which plugged the fissures 
leading from the well to the mother 
pool.”? His first attempt was made with 
six pounds of powder in the once famous 
Ladies well in Pennsylvania and was 
successful. Col. Roberts became the fa- 
ther of oil well shooting and obtained a 
patent for the purpose of “raising wells 
from the dead.”? 


The idea that Col. Roberts gave to 
producers has grown until now it has 
become a general practice to use mas- 
sive bulk shots of high explosives. Op- 
erators took the attitude that “if a little 
is good, more is better.” As an operator 
I have come to know that this is not en- 
tirely true. 


To measure the effectiveness of any 
treatment it is necessary first to examine 
the nature of the work to be done. 


The surface of the pay section ex- 
posed in a well may become so effec- 
tively sealed off that oil cannot enter 
from the naturally porous oil bearing 
strata. This condition does not extend 
more than a quarter of an inch into the 
formation, but it is anchored firmly to 
the formation and is very difficult to re- 
move. There are various forms of this 
encrustment. Paraffin is quite effective 
in choking a well. Most of the encrust- 
ments, however, are mineral, having 
their origin in the chemical action of 
gypsum and other salts present in the 
well. They embed themselves in the for- 
mation and build out from the wall of 
the well with a sleek, glossy, impervious 
substance. 


The task then is to destroy this sub- 
stance and to scale the walls to a depth 
of a fraction of an inch so as to expose 
again the natural formation. When this 
is done, no method of well treating can 
do more to increase production. No 
more oil can be produced from a well 
than the amount that flows to the bore 
through the natural formation, whether 

*Presented at Spring meeting of Eastern Dis- 
trict, Ameriean Petroleum Institute Division of 
oo Pittsburgh, Pennsylvania, June 18- 


1, Coronet Magazine. December, 1936, p. 174. 
2. Coronet Magazine. December, 1936, p. 174. 
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it migrates naturally or is moved by 
artificial production methods. In most 
productive wells, each day’s production 
travels a greater distance to the well 
bore than any treatment could reach. 
I repeat, therefore; so far as well treat- 
ing is concerned, the limit is reached 
when the surface of the pay section has 
been restored to its natural state. 


If it were possible to lower a man to 
the bottom of the well bore, he could 
probably do in one day with a hammer 
and chisel all the work that is needed to 
scale away the congestion from the nat- 
ural formation and restore the well te 
its maximum capacity. The amount of 
work needed to be done is after all not 
large, but nitroglycerin, powerful as it 
is, is not able to apply its energy ef- 
ficiently to this particular piece of work 
when used in bulk form. The compact- 
ness and incompressibility of the earth 
at the depth of an oil well will not permit 
extensive blasting. 


“In solid rock the chamber or cavity 
is the result of the dynamite explosion’s 
burning or grinding off and forcing out 
through the bore hole small spalls and 
fine particles of the rock, and is not the 
result of compressing the surrounding 
rock walls.” 

At detonation an explosive is convert- 
ed partly into energy and partly into 
heat. The work accomplished by an ex- 
plosive is the result of the energy ex- 
erted by expanding gases. If an explo- 
sive were confined where gases could 
expand none, all the energy of an ex- 
plosive would be converted into heat. 
Where the space is limited as it is in a 
tamped shot, the amount of work the 
explosive can do is correspondingly lim- 
ited. The larger portion of the energy in 
the explosive is wasted as heat. If con- 
fined within a limited space, the massive 
shot can perform no more than a frac- 
tion of the work of which it is capable. 
Knowledge of this fact is employed in 
all other industrial uses of explosive ex- 
cept in oil well shooting. 

In a 500-qt shot of 100 per cent ex- 
plosive there are 3,575,000,000 ft-lb of 
energy. This tremendous amount of ex- 
plosive does no more than pulverize the 
wall of the well bore to a slight depth. 
When this pulverized formation is clean- 
ed from the wall, the natural formation 
is exposed, but why should we pay for 
billions of foot-pounds of energy to ob- 
tain the results equal to one man-day of 
work, 


In using columns of explosive much 
smaller than the well bore, as employed 
in our squib shots, the void between the 
explosive container and the bore defeats 





8. Dupont Blasters Handbook, p. 108. 


the effectiveness. The void cushions the 
sheck of detonation, and the congested 
formation is not pulverized enough to 
free the walls. The energy of the ex- 
plosive in gaseous phase is dissipated 
along lines of least resistance into any 
breaks, bypassing all irregularities. The 
treatment therefore becomes little more 
than a brushing effect. The maximum 
effectiveness of a bulk shot is obtained 
by filling the hole with explosive. 


Development of new explosives result- 
ing from the war years may soon allow 
their use in oil-well shooting. Their ac- 
tion and power will still be ineffective, 
however, in doing a greater job at oil- 
well depths by reason of the fact that 
the weight of the overburden cannot be 
moved, 


Simple cleaning methods have been 
found to be most practical. Any method 
of reconditioning—including the use of 
explosives—that makes it necessary to 
move in tools should be postponed so 
long as results from the use of heat or 
solvents give profitable production. Both 
are effective for a period of time in the 
earlier stages of congestion until it be- 
comes so dense it is impenetrable. Then 
the encrustment must be attacked with 
enough severity to dislodge completely 
all the congested formation. 


Regardless of the type of formation 
accumulated congestion on the walls of 
a well may be successfully removed by 
using explosive-propelled glass marbles. 
By utilizing the potential energy of a 
small amount of nitroglycerin, the walls 
of a well can be cleaned effectively and 
at a very low relative cost. Clean out 
time is much less, and the cost of the 
job is no more than a fraction of that 
where massive bulk shots are used. 


The tool consists of two concentric 
fragile tubes. Heat-treated glass mar- 
bles, 54 in. in diam, fill the annular 
space between the 3-in. outer tube and 
the 15@-in. tube in the center that con- 
tains the explosive. The marbles harness 
the energy of the explosive absorbing 
and transmitting it uniformly. They are 
unharmed at detonation and are pro- 
pelled uniformly outward from the ex- 
plosive at a high velocity. They convert 
the greater portion of the energy of 
the explosive into work, which they per- 
form by destroying the surface of the 
wall of the well. 

The tool fires 242 marbles per linear 
foot into the congested face of the pay 
section. The marbles strike the forma- 
tion with a penetrating energy equal to 
chiseling a 5%-in. hole through 4-in. 
steel plate. When the increasing resist- 
ance of the formation stops penetration, 
the marbles disintegrate violently with a 
sunburst blast toward the center of the 
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bore, cleaning all encrustations from 
the face of the pay formation. 


This too] has been used effectively in 
more than 1000 wells. Regardless of the 
character of the formation or of the ir- 
regularities of the hole, the action of the 
tool is dependable. It is as simple as 
sandblasting. 


Although primary interest shown in 
this tool has been in its ability to clean 
the face of the well bore thoroughly by 
removing congestion and permitting the 
well so treated to produce to its full 
capacity, other uses have been made of 
the tool with surprising results. Of equal 
value to its reconditioning ability are 
the results obtained in pipe shooting. 
The amount of explosive used has 
enough power to shred the pipe without 
junking the hole. It is, therefore, pos- 
sible to shoot pipe without the damaging 
reaction that results when explosive 
alone is used. This function is valuable. 
The results give access to sealed produc- 
tion by rupturing and increasing the cir- 
cumference of the pipe concentrically. 

Salt water disposal and input wells 
become congested with solids. Forma- 
tions tend to filter solids out of the fluids 
that pass into them. The marbles have 
been used effectively to remove this 
sheath from the face of the well bore. 
They have been used also in lieu of an 
underreamer in wells that have been 
rat-holed deeper to increase the size of 
the small hole drilled to accommodate 
liners. Desired sections of squeeze jobs 
have been reopened, underreamers start- 
ed in drilled holes, and key-seated holes 
corrected. In all these and other jobs this 
tool has been used open and untamped 
without damage to casing and liners. 


When it becomes necessary to clean a 
well, the simplicity and thoroughness of 
explosive propelled marbles will give 
the operators all the oil there is in place, 
positively and economically. When all 
congestion at the face of the pay section 
is eliminated, capacity production is 
the result. 


When considering reconditioning 
costs, we cannot escape the fact that 
each well must assume the financial ob- 
ligation of repaying the expense. The 
cost of any reconditioning job must be 
repaid by the increased production made 
possible by the treatment, and no op- 
erator can afford to spend more. 


A few words cannot portray the mo- 
tivating influence behind the develop- 
ment of this method of reconditioning, 
but it has been my desire to help our 
wells and to prevent premature aban- 
donmest. This tool was developed to 
provide a method of reconditioning some 
of my own marginal producers at a cost 
they could repay. 


The low cost of this method cuts to 
a fraction the reconditioning costs on 
any well. Its most striking virtue, how- 
ever, is found in the fact that its use 
makes possible the thorough recondi- 
tioning of many stripper wells that can- 
not be treated profitably by any other 
method. kk x 














Plenty of WATER 
For Any Petroleum Need 


The installation of a Layne Well 


Water System or Layne Vertical 
Turbine Pump puts a welcomed 


_ end to your water producing prob- 


lems. This equipment will give you 
all the water you need at an excep- 
tionally low operating cost. Fur- 
thermore, it will not require repair 
service or replacements for months 
and months. Layne Well Water 
Systems are the world’s standard in 
fine engineering, rugged quality, 
and proven long life. 


For the increased need of water 
throughout the petroleum industry, 
Layne Water Systems and Pumps 
are your very finest and most re- 
liable investment. For the services 
of a representative, specific infor- 
mation, or literature, address 


LAYNE & BOWLER, INC. 


General Offices, 
MEMPHIS 8, TENN. 


LAYWE Well Mate Ware 
Venn # a ~~ 


AFFILIATED COMPANIES: Layne-Arkansas Co., Stuttgart, Ark. 


© Layne-Atlantic Co., Norfolk, Va. 


Memphis, Tenn. * Layne-Northern Co., Mishawaka, Ind. * Layne-Lovisiana Co., Lake Charles, La. * Louisiana Well Co., 


Monroe, La. © Layne-New York (Co., New York City * Layne-Northwest Co., Milwaukee, Wis. * Layne-Ohio Co., 
Columbus, Ohie * Layne-Pacific, Inc., Seattle, Washington * Layne-Texas Co., — Texas * Layne-Western Co., 
Kansas City, Missouri * Layne-Western Co. of Minnesota, Minneapolis, Mi 





| Water Supply, Ltd., 


London, Ontario, Canada * Layne-Hispane Americana, S. A., Mexico, D. F. 
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A few years ago when Magcobar entered the drilling mud field with an exceptionally fine quality mud weight material at a 
fair and reasonable price, the industry demonstrated its appreciation with a flood of purchase orders. Mining and processing 
facilities at the great Magnet Cove barite deposit in the Arkansas Ozarks were expanded time after time...and the wave of 
approval rolled on! A complete line of clays, chemicals and other mud products was added to provide the industry with a well 
rounded supply of all necessary mud materials. A modern mud laboratory was established at Houston in the heart of the nation’s 
major oil — for mud research and to assist operators with their drilling problems. A staff of expert field service engineers 
was organized. 

Thus, Magcobar stands today as a champion to the cause of free and competitive enterprise and is saving the petroleum 
ihdustry millions of dollars annually through reduced mud costs. 


MAGNET COVE BARIUM CORPORATION 


HOUSTON, TEXAS °* MALVERN, ARKANSAS 























Complete 
DRILLING MUD SERVICE 


DEALER 





LOOK FOR THIS SIGN 


when you need mud 
MAGCOBAR + MAGCOGEL « HIGH YIELD DRILLING 
MUD « XACT CLAY * MAGCO-FIBER * MAGCO- 
MICA * TANNATHIN ¢ SALT-GEL * NOHEEV « SEAL 
FLAKES *« CHEMICALS 
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History of reserves and production of 
natural gas and natural gas liquids in Texas* 


By PERRY OLCOTT, Humble Oil and Refining Company 


@ Abstract. The natural gas and nat- 
ural gas liquids reserves have been di- 
vided into three categories because of 
current producing and regulatory prac- 
tices. These categories are (1) non-asso- 
ciated gas (free), (2) associated gas (gas 
cap), and (3) dissolved gas. The total 
reserves of these three categories in Tex- 
as as of January 1, 1946, were about 75 
trillion cu ft, divided (1) 69 per cent, 
(2) 22 per cent, and (3) 9 per cent. The 
number and volume of natural gas dis- 
coveries have increased materially in re- 
cent years and the year-end reserve has 
increased steadily. 

Natural gas liquids are defined as the 
liquids being recovered from the three 
categories of gas by current plant or field 
practices. The total natural gas liquids 
reserves in Texas were about 1.5 billion 
bbl with about 52 per cent in the non- 
associated gas, 21 per cent in the asso- 
ciated gas, and 27 per cent in the dis- 
solved gas. 

The gauged gas production in Texas in 
1945 was about 2.9 trillion cu ft or a 
daily average of 79 billion cu ft. The nat- 
ural gas liquids produced during 1945 in 
Texas were about 61.5 million bbl or a 
daily average of 168,000 bbl. 

@ Introduction. For the past several 
years, the subject of natural gas and nat- 
ural gas liquids has become increasingly 
important. A variety of influences and 
factors have contributed: (1) Cycling 
operations have been found profitable; 
(2) as wells are drilled deeper, the in- 
dustry has been finding more commercial 
gas reserves; (3) oil fields with sizable 
reserves are becoming more difficult to 
find; (4) recognition of the necessity of 
reducing gas wastage has become a 
major issue with the State regulatory 
bodies; (5) the Federal Power Commis- 
sion has instigated hearings in an at- 
tempt to regulate sales price based on 
producing costs and to control the end 
use of gas; (6) the growing use of nat- 
ural gas as a raw material for synthetics, 
plastics, and fuels has increased the de- 
mand; (7) the opposition of the coal in- 
dustry and unions to the competition of 
gas in the fuel markets; (8) the stand 
of some of the members of State regula- 
tory bodies to the exportation of gas from 
their states; (9) the increased demand 
for carbon black in the making of syn- 
thetic rubber products, etc.; (10) the 
oil companies’ cooperation with the reg- 
ulatory bodies in the conservation of gas 
has made it one of the most important 
studies of the day. There probably are 
several other reasons. The possibility of 





*Presented before American Association of 
Petroleum Geologists, Chicago, Illinois, April 2, 
1946. Published in AAPG Bulletin, Vol. 30, No. 
7, July, 1946. 
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commercial sulphur from sour gases sim- 
ilar to that obtained from the plant at the 
McKamie field in Arkansas could be 
mentioned. This plant is now producing 
about 60 tons a day of sulphur from sour 
gas, although the plant was built in order 
to sweeten the gas for commercial uses 
and not to produce sulphur. The main 
point is that the industry is now inter- 
ested in gas and its liquefiable products 
and probably will become more inter- 
ested in the immediate future. 

Gas is usually found incidentally or 
accidentally — incidentally when it is 
found dissolved in oil, and accidentally 
when it is found instead of oil. It is sel- 
dom that a wildcat well is drilled solely 
for gas. For this reason, in many cases 
when gas is discovered, the well is either 
shut-in until a market is found or is used 
for fuel to drill other wells in search for 
oil. 

Natural gas was first used as a fuel 
in western China in about 200 A. D. to 
evaporate brines. It was first used as an 
illuminant in New York state in 1821. 
The first commercial pipe line was laid 
in 1883, from Murrysville, Pennsylvania, 
to Pittsburgh. The first gas compressed 
was in 1890 in. the Murrysville field, 
when the gas was transported by high- 
pressure pipe lines. The long-distance 
transmission lines from the Southwest 
started in 1925 with the advent of oxy- 
acetylene welding and improved seam- 
less carbon-steel pipe. 

The natural gas reserves and contain- 
ed liquids in Texas have been divided 
into three categories: (1) Non-associat- 
ed gas or free gas not associated with oil 
in the reservoir; (2) associated gas 
which is gas overlying an oil reservoir as 
a gas cap; and (3) dissolved gas or the 
gas in solution in the oil in the reservoir, 
which is released when the oil is pro- 
duced. The non-associated gas and the 
associated gas together make up what is 
generally called free gas, and the part 
of the associated gas produced with oil 


and the dissolved gas is called casing- 
head gas. These three categories were 
established because of the current con- 
servation practices and the Railroad 
Commission regulations. All gas figures 
to be shown will be on a pressure base of 
14.65 psia. 

The non-associated gas represents 
about 69 per cent of the total gas re- 
serves. This is the gas produced from gas 
wells in Texas, and in general the only 
restriction is that the production must 
be marketed and the allowable cannot 
exceed 25 per cent of the open-flow po- 
tential. Allowables have been set in only 
a few fields of this type to date. This non- 
associated gas is the gas generally pro- 
duced through cycling plants or into gas 
pipe lines for fuel. 

The associated gas, representing about 
22 per cent of the total gas reserve, is re- 
stricted to cycling operations and those 
quantities produced with oil as casing- 
head gas. On October 20, 1944, the Texas 
Railroad Commission changed its Rule 
6 to read that the amount of gas that 
could be produced from a gas well in a 
gas cap is limited to a volumetric dis- 
placement of oil and gas equivalent to a 
2000:1 ratio on the highest oil allowable. 
Under this ruling, the oil allowables of 
high ratio wells are penalized, and the 
only way a gas cap can be utilized is to 
cycle the gas and strip the heavier hydro- 
carbons. For this reason, it is necessary 
to separate the free gas reserves into the 
part available for market and the part 
that can be cycled only. 

The dissolved gas designation is the 
same as has been used for years and rep- 
resents the gas liberated from solution 
in the oil as it is produced. This is the 
remaining 9 per cent of the gas and is 
generally produced through natural gas- 
oline plants when the volume and yields 
are sufficient to warrant the construction 
of a plant. In fields where there are no 

- plants, the dissolved gas is either used 
for fuel, compressed and put into gas 











TABLE 1. State of Texas natural gas cumulative discoveries, production, and year- 
end reserves at five-year intervals, 1900-1945, inclusive. 

















Million cubic feet 
Cumulative discoveries Production Estimated 
: z year-end 
Non-Assoc. Associated Dissolved Total Yearly Cumulative reserve 
Prior to 
1901 ae _ 5,462 5,462 650 4,812 
1905 w= 37,500 152,642 198,142 11,000 263 157,789 
1910 200 37,500 158,201 195,901 8,000 69,163 126, 
1915 19,834 89,475 603,833 713,142 30,324 169,054 544, 
1920 30,962,510 432,675 1,055,125 35,450,310 80,019 416,080 32,034 
1925 32,080,432 1,056,634 1,884,434 ,021 418,964 1,796,157 33,225,343 
1930 32,974,393 2,612,177 5,850,94 41,437,517 7, 611,280 35,826,237 
1935 40,088,266 12,622,674 8,339,179 61,050,119 1,218,085 10,754,444 50,295,675 
1940 60,890,446 18,525,529 11,114,939 90,530,914 1,523,650 17,470,863 73,060,051 
1945 68,045,936 21,626,944 12,904,662 102,577,542 2,607,177 27,481,714 75,095,828 
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One Minute, Mr. Froduetion Man... 


“DID YOU KNOW THERE ARE OILMASTER 
PUMP SALES AND SERVICE OUTLETS IN EVERY OIL 
PRODUCING AREA IN THE WORLD?”* 








Your preference for OILMASTER products has made possible the 
most wide-spread down-well pump distributing system in the world. 
Fluid Packed Pump Company, in recognition of your confidence, has pledged 
itself to a program that will continue to provide the utmost in pump per- 
formance at a minimum cost. 


A 







* 


Every major domestic oilfield contains at 
least one Oilmaster Distributor with com- 
plete repair and servicing facilities. 


ee 


DOMESTIC DISTRIBUTORS 


Mid-Continent ¢ Gulf Coast « Illinois * Eastern Fields * Rocky Mountains ¢ Canado 


NATIONAL SUPPLY COMPANY STORES 


INDUSTRIAL SUPPLY COMPANY =-CO-DISTRIBUTOR ya 
North and East Texas cl 
id 


Rixiawi 





BEACON SUPPLY COMPANY =-CO-DISTRIBUTOR 
Texas Panhandle 


— 








BERRY SUPPLY COMPANY -CO-DISTRIBUTOR pa 
Smackover, Arkansas oes EXPORT DISTRIBUTOR 
; ie 
ea NATIONAL SUPPLY 
FLUID PACKED PUMP COMPANY STORES Pg 


_ _—sC EXPORT CORPORATION 








OILMASTER 
PRODUCTS FLUID PACKED PUMP COMPANY 


LOS NIETOS, CALIFORNIA 
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The yearly consumption of more 
than 3% trillion cu ft of natural gas is 
a weight of about 91,000,000 tons, 


or about the weight of the steel indus- - 


try's annual output. Its heating value 
is that of 150,000,000 tons of coal. 


kunt 


pipe lines, used for repressuring or gas 
lift or flared. It should be kept in mind 
that there is no material physical dif- 
ference between these three gases. The 
distinctions are solely on the basis of 
their position in the reservoir as related 
to oil and whether in a single-phase or 
two-phase reservoir. 

The history of the gas discoveries in 
Texas has been one of ever increasing 
volume. The accompanying tables show 
these discoveries and the relationship be- 
tween the three categories. In these tables 
the total reserves of each field are credit- 
ed to the year in which the field was dis- 
covered. 

@ Natural gas discoveries by years. Ta- 
ble 1 shows the cumulative discoveries 
by five-year intervals of the three cate- 
gories of gas. Dissolved gas was first dis- 
covered in Texas in 1865 in the Nacog- 
doches field. Free gas and, in this case, 
associated gas was first discovered in the 
Petrolia field in North Texas in 1904. 
The first non-associated gas was discov- 
ered in Southwest Texas in the Gas 
Ridge field in 1912. In the early part of 
this century, gas discoveries in Texas 
were plugged and the rig was moved to 
another location or else the operator “let- 
her-blow” until the head was off and oil 
was produced. The dissolved gas discov- 
eries increased, of course, with the dis- 
covery of oil and reached a peak in 1930 
when the East Texas field came in. In 
that year a total of almost 2 trillion cu 
ft of dissolved gas was discovered. The 
associated gas discoveries had several 
peaks but reached a maximum in 1934 
and 1935 when a total of about 8 trillion 
cu ft of associated gas was discovered. 
The most recent peak of purely non-asso- 
ciated gas discoveries was in 1939 when 
the Hugoton (Texas portion), Paradis, 
LaGloria, and Agua Dulce fields were 
discovered for a total of about 9 trillion 
cu ft; however, the largest volume of 
non-associated gas discovered was in 
1920 when the Panhandle field was 


brought in. The gas in this field is classi- 
fied as non-associated gas. The five-year 
period, 1935 to 1940, showed gas discov- 
eries in Texas of almost 30 trillion cu ft 
or an average of 6 trillion cu ft a year. 
This is equivalent to the current produc- 
tion of the entire United States. 


There has been a total of 2231 gas res- 
ervoirs discovered in Texas since begin- 
ning. In this count of reservoirs, there 
were 756 non-associated gas reservoirs, 
508 associated gas reservoirs, and 967 
dissolved gas reservoirs. The dissolved 
gas reservoirs were counted as fields in- 
stead of separate reservoirs. Southwest 
Texas has first place in non-associated 
and associated gas reservoirs with 426 
and 262, respectively. The Texas Gulf 
Coast is second in both categories with 
244 and 168 reservoirs, respectively. The 
greatest number of dissolved gas reser- 
voirs is in North Texas where 298 fields 
have been found as compared to 282 in 
Southwest Texas and 188 in the Gulf 
Coast. The number of non-associated gas 
reservoirs found has materially increased 
in recent years. Twenty years ago in 
1926 there were only 9 non-associated 
gas reservoirs, 10 associated gas reser- 
voirs, and 46 dissolved gas reservoirs or 
oil fields found. In 1945 there were 148 
non-associated, 51 associated’ and 102 
dissolved gas reservoirs found. This is a 
complete reversal in the number of dis- 
coveries by categories in this 20-year 
period; however, the total number of 
reservoirs discovered in Texas by years 
has increased from a low of 32 in 1931 
to a high of 307 in 1944 or almost ten 
times in 15 years. The year 1945 was 
very close to 1944. with a total of 301 
reservoirs of all classes. 


The average volume of gas discovered 
per non-associated gas discovery is 90 
billion cu ft. The associated gas discov- 
eries averaged 42 billion cu ft, and the 
dissolved gas discoveries averaged 34 
billion cu ft. The State average for all 
discoveries of gas was 46 billion cu ft 
per discovery. 


The production of gas was relatively 
small until about 1925 when production 
reached a billion cu ft a day as compared 
with the current rate of about 7 billion 
cu ft a day for the state. This is about 
44 per cent of the estimated 16 billion 
cu ft a day produced in the United States. 








TABLE 2. State of Texas cumulative natural gas discoveries by districts since 
beginning. 
Million cubic feet 














___Non-associated Associated Dissolved Total 
_ Total Per _ Total Per | __ Total Per State Per 
discovered acre | discovered acre discovered acre acre 
Gulf Coast... ... .| 11,874,654 | 65.0 9,935,418 | 54.3 2,390,386 | 12.4 24,200,458 | 60.3 
District, per cent....... 9.07 41.05 9.88 100.00 
_ State, per cent... 17.45 45.94 18.52 23 .59 
Fast Texas:.......... 7,424,780 21.9 1,791,44 24.1 2,432,084 10.3 11,648,306 20.0 
District, per cent....... 63.74 15.3 20.88 100.00 
_. State, per cent......... 10.91 8. 18.85 11.36 
IN 5 cis i054. 00508 11,841,109 | 36.8 | 195,590,502 | 32.8 1,877,934 5.6 19,109,545 | 29.9 
District, per cent....... 61.96 29. 8.78 100.00 
State, per cent........ 17.40 25. 13.00 18.63 
WOE TORIES 5 iaac aces. 158,075 4.2 3,040,076 | 18.1 3,747,476 5.7 6,945,627 9.8 
District, per cent....... 2.28 43. 53.95 100.00 
State, per cent......... .24 : 29.04 6.77 
North Texas............. 36,747,318 | 16.3 1,269,506 6.4 2,656,782 5.2 40,673,606 | 14.6 
District, per cent...... 90.34 3.1 6.53 100.00 
_ State, per cent......... 54.00 8. 20.59 39.65 
Texas et ee 68,045,936 21.7 21,626,944 27.3 12,904,662 6.8 102,577,542 20.0 
State, per cent... 66.34 21. 12.58 100.00 
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With 15 projects completed, 10 
under construction, and 44 planned, 
Texas will have 69 gas-conservation 
(casinghead gas) plants costing $127,- 
000,000. The utilization and saving of 
condensable hydrocarbons in Texas 
started from zero and has now reached 
in excess of 200,000 bbl a day. 


wwe 


This seven fold increase in gas produc- 
tion in Texas has been in a period of 20 
years. Oil production has increased only 
five times in the same period. The esti- 
mated cumulative gas production since 
beginning is 27.5 trillion cu ft or about 
27 per cent of the total gas discovered. 
In comparison, the oil discoveries have 
been depleted 43 per cent. This estimate 
of production includes all gas produced. 
gauged, and vented from oil and gas 
wells. 

Gas reserves in Texas have been con- 

stantly increasing until they now exceed 
75 trillion cu ft. In the last 5 years over 
2 trillion cu ft have been added to these 
reserves notwithstanding a production of 
almost 10 trillion cu ft in the same pe- 
riod. 
@ Natural gas discoveries by districts. 
Table 2 shows that of the 102.6 trillion 
cu ft of gas discovered in Texas since be- 
ginning, 68 trillion or 66.34 per cent was 
non-associated gas, 21.6 trillion or 21 
per cent was associated gas, and 12.9 tril- 
lion or 12.58 per cent was dissolved gas. 
Of this amount about 40 per cent of the 
total gas found was in North Texas. This 
is due primarily to the huge Panhandle 
gas field and the Texas part of the Hugo- 
ton field. The second most important gas 
area in Texas is the Gulf Coastal region 
with total discoveries of 24 trillion cu ft. 
Southwest Texas is third with 19 trillion 
cu ft, with East Texas fourth, and West 
Texas a poor fifth. Of the non-associated 
gas, North Texas, Gulf Coast, and South- 
west Texas maintain the same order as 
the total, with Southwest Texas a close 
third to the Gulf Coast. The West Texas 
area has very little associated gas since 
the larger reserves are found as gas caps 
or associated gas. The Gulf Coast area 
takes the lead for associated gas with 
9.9 trillion cu ft, with Southwest Texas 
and West Texas second and third. The 
West Texas area with its large oil re- 
serves and gas-drive fields has discovered 
the largest volume of dissolved gas. The 
gas-drive fields produce not only the gas 
in solution with the produced oil but also 
the gas in solution with the oil that is 
left in the reservoir. The 3.7 trillion 
cu ft of dissolved gas in that district 
represents 29 per cent of the state total 
of dissolved gas. North Texas is second in 
dissolved gas discoveries, and East Texas 
is third. This relationship is not true of 
oil reserves. The East Texas area is first 
in ultimate oil reserves, but due to the 
low solution ratio (320) in the East Tex- 
as field, the volume of gas found was not 
as large in proportion. This lack of vol- 
ume in the East Texas field is more than 
compensated by the yield of liquids, 
which is about 4 gal per M cu ft. 

Table 2 also shows the volume of gas 


THE PETROLEUM ENGINEER, Reference Annual, 1947 








Allis- 
are k 
and ¢ 
line p 
tract 
pate 
wince 


cat-h 





two 





Allis-Chalmers- Fred E, Cooper winch tractors 
are built for servicing, maintaining, spudding 
and tailing-in wells. Units are sized to maximum 


line pulls from 20,666 Ibs. to 56,700 Ibs. All winch 


tractors are equipped with long-life Cooper 


patented, circulating Air Cooled Brakes on the 
winch drums. Single or double drum units, wit 
cat-head, rotary drive and telescoping, one or 


two pole masts are available. 








“Pulling power" is useless if you can't get it to 


the well to be serviced. 


Allis-Chalmers oil field winch tractors are not 
amphibious. But they will get over the oil fields 


to service a well when it needs it. 


per balance, maneuverability, high road 
and great driving power are engineered 
into each A-C unit. It takes rugged units to stand- 


the oil fields and return a profit. 

















TABLE 3. State of Texas gas reserve and proved gas acres as of January 1, 1946, 














by districts. 
Non-associated gas Associated gas Dissolved gas Total Ave. 
res. per 
Prod. MMCF | Prod: | MMCF Prod. MMCF Surf. MMCF surf. acre 
acres reserve acres reserve acres reserve acres reserve | MMCF 
Gulf Coast........ 182,602) 11,320,209) 182,681] 8,807,120 193,174} 1,435,925} 401,051] 21,563,254) 63.7 
District, per cent. 52.50 40.84 6.66 100.00 
State, per cent... 5.82 21.90} 23.05 53.33 10.19 20.81 7.84 28.71 
East Texas........ 338,685) 6,683,124} 74,055) 1,111,444) 235,630) 1,336,080} 581,721) 9,130,648) 15.7 
District, per cent. 73.20 12.17 14.63 100.00 
State, per cent... 10.80 12.93 9.35 6.73 12.43 19.37 11.36 12.16 
Southwest Texas... 321,877} 10,000,807; 170,550) 3,933,953) 300,215) 1,035,731 639,147) 14,970,491] 23.4 
District, per cent. 66.80 26.28 6.92 100.00 
State, per cent... 10.26 19.35} 21.52 23 .82 15.83 15.01 12.49 19.94 
West Texas........ 37,690 132,715) 167,690} 2,262,207} 656,250) 2,459,556 710,709) 4,854,478) 6.8 
District, per cent. 2.73 46.60 50.67 100.00 
State, per cent... 1.20 .26| 21.16 13.70 34.60 35.64 13.88 6.46 
North Texas....... 2,255,500] 23,543,267; 197,500] 400,500} 510,980) 633,190) 2,786,230) 24,576,957) 8.8 
District, per cent. 95.79 1.63 2.58 100.0 
State, per cent... 71.92 45.56] 24.92 2.42 26.95 9.17 54.43 32.73 
_ err 3,136,354} 51,680,122] 792,476] 16,515,224) 1,896,249) 6,900,482) 5,118,858] 75,095,828} 14.7 
State, per cent... 68.82 21 99 9.19 100. 
1945 production.... 1,803,465 692,200; 425,264 2,920,929 
State, per cent... 61.74 23.70 14. 100. 
Ratio production to 
mae Se 28.66 23.86 16.23 25.71 





























ea 





found per acre for each district. The 
Gulf Coast, with an average of 60.3 mil- 
lion cu ft per acre, has twice the volume 
of the next best district, Southwest 
Texas. The East Texas district will 
yield an average of only 20 million cu 
ft per acre, and West Texas an average 
of about 10 million cu ft. The State 
average is 20 million cu ft per acre. The 
associated gas discovered averages 27.3 
million cu ft per acre as against the non- 
associated average of 21.7 million cu ft, 
and the dissolved gas average of 6.8 mil- 
lion cu ft. This would indicate rather 
large gas caps. The greatest average 
discovery per acre by categories is an 
average of 65 million cu ft per acre of 
none-associated gas in the Gulf Coast 
district. On a Btu equivalent of 6000 cu 
ft per bbl, this is equal to about 11,000 
bbl per acre. 


@ Natural gas reserves by districts. 
Table 3 shows the natural gas reserves 
for the state of Texas by districts as of 
January 1, 1946. The total reserve is 75 


trillion cu ft or equivalent to 12.5 billion 
bbl of oil on a Btu basis, of which 24.6 
trillion cu ft or 33 per cent is in North 
Texas, 21.6 trillion cu ft or 29 per cent 
in the Gulf Coast district, and 15 trillion 
cu ft or 20 per cent in Southwest Texas. 
On a Btu basis, therefore, Texas’ gas re- 
serve represents about the same number 
of barrels as the oil reserve. 


North Texas, including the Panhandle, 
accounts for about 46 per cent of the 
state’s non-associated gas reserves. The 
Gulf Coast is second with 22 per cent 
and Southwest Texas is third with 19 per 
cent. This totals 87 per cent, with the 
rest in the other two districts. The asso- 
ciated gas reserves are located principal- 
ly in two districts, the Gulf Coast and 
Southwest Texas, with 53 and 24 per 
cent, respectively. The dissolved gas re- 
serves are principally in West Texas, 
Gulf Coast, and East Texas districts, 
with 36, 21, and 19 per cent, respectively. 

Although the North Texas-Panhandle 
area contains 33 per cent of the total gas 








TABLE 4. State of Texas natural gas liquids reserves as of January 1, 1946, 


by districts. 












































Thousands of barrels 
Non-associated Associated Dissolved Total Ave. 
reserve reserve reserve reserve Niall eee 
MMCF, 
Total | Peracre} Total | Peracre} Total | Peracre} Total |Peracre| bbl 
Sa er 238.647 | 1.307 183,632 | 1.005 35,622 | 0.184 | 457,901} 1.142] 21.2 
District, per cent....... 52.12 40.10 7.78 ; 100.00 
State, per cent......... 30.58 58.39 8.73 30.47 
BD CNORS vcincnccsciscs 107,460 | 0.317 24,363 | 0.329 | 205,583 | 0.872 | 337,406 | 0.580| 37.0 
District, per cent....... 31.85 7.22 60.93 100.00 
State, per cent......... 13.77 7.75 50.40 22.45 
Southwest Texas: ....... 139,562 | 0.434 43,772 | 0.257 24,861 | 0.083 | 208,195 | 0.326] 13.9 
District, per cent....... 67.03 21.03 11.94 100.00 
State, per cent......... 17.88 13.92 6.10 13.86 
West Texas..........00.. 433 | 0.011 60,778 | 0.303 107,250 | 1.63 158,461 0,223 32.6 
District, per cent....... 20 32.05 67.68 100.00 
State, per cent......... .06 16.15 26.30 10.54 
| eae 294,292 | 0.130 11,925 | 0.060 34,545 | 0.068 | 340,762 | 0.122] 13.9 
District, per cent....... 86.36 3.50 10.14 100.00 
Btate, per cent......... 37.71 3.79 8.47 22.68 
:. Jere: 780,394 0.249 314,470 | 0.397 407,861 0.215 | 1,502,725 | 0.294 20.0 
State, per cent......... 51.93 20.93 27.14 100.00 
1945 production.......... 33,326 10,282 17,952 61,560 
State, per cent......... 54.14 16.70 29.16 100.00 
Ratio production to 
Re 23.42 30.42 22.72 24.41 
Total oil uction, 
DOP ONT cos seccceccccs 4.43 1.37 2.39 8.19 


reserve of the state, it has 54 per cent 
of the proved surface area, indicating a 
comparatively low average yield per 
acre. The 2.8 million acres have an aver- 
age reserve of only about 8.8 million 
cu ft as compared to the average of 14.7 
million for the State and 53.7 million for 
the Gulf Coast. 


The production of natural gas for the 
year 1945 in the State of Texas was 2.9 
trillion cu ft, which is a ratio of 26:1 on 
the state’s reserve as compared to the 
oil ratio of about 16:1 reflected by the 
dissolved gas production ratio. This gas 
production ratio is on a gross basis with- 
out considering the cycled and repres- 
sured gas. On a net Seale the ratio is 
about 30:1. 


The non-associated gas production is 
about 62 per cent of the total, and the 
associated gas is 24 per cent, with the 
dissolved gas 14 per cent. If the Btu 
equivalent of 6000 cu ft to a barrel of oil 
is used, the production of equivalent bar- 
rels would be about 1,600,000 bbl a day. 


@ Natural gas liquids reserves by dis- 
tricts. Table 4 shows the natural gas liq- 
uids of pentane plus contained in the gas 
reserve figures shown on Table 3. In 
fields where cycling or natural gasoline 
plants are available and capable of ex- 
tracting propane and butane, these liq- 
uids are included in the estimates. Al- 
most all of the liquids reserves have been 
estimated on the basis of actual yields 
rather than calculated yields. 


The reserve of natural gas liquids in 
Texas as of the first of January, 1946, 
was 1.5 billion bbl, which is equivalent 
to about 12.5 per cent of the oil reserves 
of the state. These reserves were divided 
52 per cent in non-associated gas, 21 per 
cent in associated gas, and 27 per cent 
in dissolved gas. The important differ- 
ence in percentage between the gas re- 
serve and natural gas liquids reserve is 
in the dissolved gas, which has only 9 
per cent of the gas reserve but 29 per 
cent of the liquids reserve. This is due to 
the higher yield from the dissolved gas. 
The dissolved gas has an average yield 
of 59 bbl per million cu ft as compared 
15 bbl for the non-associated gas, and 
19 bbl for the associated gas. The State 
average is 20 bbl. The Gulf Coast has 
the greatest percentage of the natural 
gas liquids reserve with 30 per cent. 
North Texas is second with 23 per cent 
and East Texas is a close third with 22 
per cent. 


The reserve of natural gas liquids per 
acre is largest in the Texas Gulf Coast. 
This district has a reserve of 1142 bbl 
per acre, whereas East Texas and South- 
west Texas have 580 bbl and 326 bbl per 
acre, respectively. The average for the 
state is 294 bbl per acre. This does not 
include the possible conversion of the 
lighter gases into liquids. 


@ Natural gas liquids production. The 
1945 production of natural gas liquids in 
Texas was 61.5 million bbl or about 
168,000 bb] per day. The ratio of liquids 
production to reserve is 24:1 and repre- 
sents about 8 per cent of the total oil 
production. kk x 
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In the Jones metallurgical laboratory...in 


SP cena: 


the engineering department...and in the field, the endeavor 
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to bring you better sucker rods for every pumping 
\ condition goes on. A long list of “Firsts” authentically credited 


\ 


, The precision built rods in the favorably recognized green 


to Jones reflects the success of this program. 


\ color are the best that modern methods, machines, metallurgy 
\ and experience can offer. As new advances and 
\,_ improvements are perfected, you can be sure they 
will be speedily available in the Jones 


% sucker rods you specify and buy. 
Y 
4 
D 
“A 
%, 
% 


1 @ We will gladly supply copies ry 
4 of “Care and Handling of Sucker 

; Rods” and the New Snap-Tite 

Wrench folder on request. 










je THE S. M. JONES COMPANY 


(Subsidiary of Buffalo Bolt Company) 
General Office and Factory: TOLEDO, OHIO 
Sales Office: McBirney Building, Tulsa, Okla. 


Export Sales Office: Buffalo International Corp. 
50 Church Street, N. Y.C. 
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Gas-condensate reservoirs--a review* 


By O. F. THORNTON, The Texas Company 


@ Abstract. Ten years of operation of 
gas-condensate reservoirs has verified 
the necessity for and practicability of co- 
operative and unitized operation. The 
operating method for each reservoir 
should be based upon the characteristics 
of the gas condensate at reservoir condi- 
tions. Other, factors such as richness of 
the gas, size of the reserve, capacities of 
wells, nature of the reservoir, and mode 
of occurrence of the gas condensate must 
be considered. Marketing conditions and 


other economic factors also are impor-. 


tant. Due to the increasing volume of the 
gas market, and prospects for chemical 
conversion of gas to liquid fuel by the 
Fischer-Tropsch process, many operators 
will be required to make a choice or 
compromise between complete pressure 
maintenance and gas sales. This can be 
done intelligently with known methods 
of evaluation. 


@ Introduction. Gas-condensate fields 
(also called gas-distillate) are today 
quite commonplace on the Louisiana and 
Texas Gulf Coast, but are not confined 
to that area. The frequency with which 
they are being discovered and their eco- 
nomic importance in the petroleum in- 
dustry have increased tremendously with 
the trend toward deeper drilling. A com- 
mon understanding of best operating 
practices by oil operators, land or roy- 
alty owners, regulatory bodies, and leg- 
islators is necessary if all parties of in- 
terest are to cooperate in realizing the 
maximum potentialities from these 
fields. 

During the past decade in particular, 
much has been learned and written re- 
garding each of the many phases of gas- 
condensate operations. It is the purpose 
of this paper to review the accepted 
practices, so that the modern basic 
thought may be available in summary 
form. 

For the purpose of this review, all 
underground sources of supply from 
which condensate can be produced are 
called gas-condensate reservoirs. The 
name is prefixed with “gas” to empha- 
size the fact that the condensate is asso- 
ciated with gas when produced. The 
methods used to evaluate gas-condensate 
reservoirs, and the basic principles gov- 
erning the selection of the best method 
of operation for a particular reservoir, 
are outlined in the paragraphs that fol- 
low. 


@ What is condensate? The terms used 
in discussing gas condensates have not 
crystallized as yet into a standard no- 
menclature. For instance, both distillate 
and condensate are used synonymously 


*Prior to revision as given herein this paper 
was présented before the annual meeting of the 
American Petroleum Institute, Chicago, Illinois, 
November 12, 1946. 
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to describe the liquid produced in the 
tanks. It has been necessary herein to 
adopt somewhat arbitrarily a set of 
terms, and to explain the meaning of 
each term as introduced to avoid con- 
fusion. 

All are more or less familiar with the 
fact that some wells produce, together 
with large volumes of gas, a water-white 
or light straw-colored liquid that re- 
sembles gasoline or kerosine in appear- 
ance. This liquid has been called “dis- 
tillate” because of its resemblance to 
products obtained in the refinery by dis- 
tilling the volatile components from 
crude oil. Also it has been called “con- 
densate” because it is condensed out of 
the gas produced by the well. The latter 
term shall be used throughout this paper. 

Condensate normally differs markedly 
from conventional “crude oil.” The color 
of crude oil is usually dark green or 
black; it feels oily when rubbed between 
the fingers; it contains some gasoline, 
but usually is made up in larger part of 
dark-colored, “heavy” non-volatile com- 
ponents; its API gravity, which is a 
measure of its weight or density, is com- 
monly less than 45 deg. On the other 
hand, condensate is light-colored; it 
evaporates rather easily as compared 
with crude oil; it contains a large per- 
centage fraction of gasoline and other 
volatile petroleum components; its API 
gravity usually is above 50 deg. 

Table 1 is a comparison of a typical 
condensate with a crude oil, which 
brings out the differences discussed pre- 
viously herein. Also shown is the amount 
of gas produced with each, expressed as 
cubic feet of gas per barrel of liquid. 
The gas-to-liquid ratios of wells produc- 
ing gas condensate usually range from 
10,000 cu ft to more than 100,000 cu ft 
per bbl. Gas is produced with crude oil 
usually in ratios of 100 to over 1000 cu 
ft per bbl, or much less than with gas 
condensates. 

These limitations of gas-liquid ratios, 
gravity, and color do not serve to dif- 
ferentiate crude oil and condensate in 
all cases. Condensates with gravities as 
low as 40 deg. API have been discovered, 
and some condensates are produced with 
ov in low ratios below 10,000 cu ft per 

Now the most important property of 


condensate from the standpoint of op- 
eration of gas-condensate fields is this: 
The condensate can be “dissolved” en- 
tirely in the gas with which it is pro- 
duced if the temperature is sufficiently 
high and if there is enough gas present. 
This is the reverse statement of the fa- 
miliar phenomenon that a liquid can be 
condensed out by cooling or chilling 
many gases. 

The temperatures in underground res- 

ervoirs containing gas condensate range 
from 100 to more than 250 F, as meas- 
ured by thermometers lowered to the 
bottoms of wells. Similarly, pressures 
measured with recording gages lowered 
into the wells are from 1000 psi to over 
6000 psi. These conditions are favorable 
for the gas-condensate mixture to be 
completely in the gaseous state in the 
reservoir. 
@ Composition of gas condensate. 
Knowledge of the gas-liquid ratio and 
the gravity of the liquid is not sufficient 
to describe the composition of gas con- 
densate for all purposes. Both the ratio 
and gravity of condensate depend upen 
the temperature and pressure at which 
the separation is made. Therefore, it is 
customary to express composition in 
terms of the percentage of each hydro- 
carbon in the gas, in the condensate, and 
in the gas-condensate mixture. These 
percentages are obtained by analyzing 
the gas and condensate produced, or by 
analysis of a sample taken at the bottom 
of a well. 

The gas produced from most gas-con- 
densate reservoirs is predominantly me- 
thane and ethane with smaller amounts 
of propane, butane, pentanes, hexanes, 
and heptanes and heavier, decreasing in 
that order. The condensate is predomi- 
nantly heptanes and heavier, with de- 
creasing amounts of hexanes, pentanes, 
and butanes, and smaller amounts of 
propane, ethane, and methane. The per- 
centage composition of both the gas 
and condensate portions of a typical gas 
condensate are shown in Table 2. Also, 
the analysis of the gas condensate as it 
existed in the reservoir is given. These 
analyses are compared with those of a 
crude-oil-gas mixture. 

The main differences between the gas 
condensate and the crude-oil-gas mix- 
ture noted from Table 2 are: (1) the 








TABLE 1. Comparison of condensate and crude oil. 














| 
White gasoline | Gulf Coast condensate Crude oil 
i555 55 oc Asacin ae woceseadons 59 _. 54.7 38.6 
Ree i iKkaGaitiadveninneteancecenss Water-white Light-straw Dark-green 
PN NIE ooo 55. odcndicicscsccanaees 100 70 3 
ee ee TT Tee as 16 16 
Heavier than kerosine, per cent............ ' ah | 14 53 
Cubic feet of gas per bbl of liquid.............. Distilled from a crude oil | 18,200 900 
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Pittsburgh Steel Company is an important supplier of material for 
oil field operations and refineries. 

Pittsburgh Seamless is preferred for production, transmission and 
refining because it meets the most stringent service requirements of the 
vital oil industry. 

Equally excellent are the many other products furnished by Pittsburgh: 
Carbon and Alloy Mechanical Tubing . . . Stainless Steel Wire . . . Corro- 
sion-and Heat-Resistant Stainless Steel Nails .. . Chain-Link Fence to 
enclose individual buildings or entire plant areas . . . ““Steeltex”” building 
products for plaster, masonry veneer, floors and stucco reinforcement. . . 
and 8-Way Steel Wire Pallets and Cargotainers for materials handling 
and storage. 

Today, more than ever before, Pittsburgh is an ally of oil. Perhaps 
its products can help your activities. An inquiry will bring a prompt reply. 
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TABLE 2. Compositions of a gas-condensate and a crude-oil-gas mixture. 


























(All figures in mole per cent) 
Gas-condensate Crude-oil-gas mixture 
Gas Condensate] Reservoir fluid Gas Oil Fluid reservoir 

"SSI Ta tieist 91.32 s 87.07 92.80 ip 57.83 
— rd rariiaiaele aanii ao a ayaralericalacsteee 4.43 aa 4.39 3.79 aus 2.75 
NR aid b.b0ce beso ecasecmennrenoes 2.12 1.41 2.29 1.97 1.61 1.93 
Es le pihamnbaramkanesnaece caren 1.36 5.71 1.74 0.96 2.24 1. 
NEN. 25 in cacpwaesonsbdasakeaatimene 0.42 8.11 0.83 0.28 2.45 1.15 
Ne ot oa Fauna DeTOWOREE CaS 0.15 10.46 0.60 0.13 3.47 1.59 
Heptanes and heavier..................: 0.20 74.31 3.08 0.07 90.23 33.15 

ME o cajensskuccdanmeomanaeie 100.00 100.00 100.00 100.00 100.00 100.00 

API gravity of heptanes and heavier, deg. . 51.2 36.9 
Molecular weight of heptanes and heavier. . 157 226 














gas condensate contains relatively large 
amounts of methane and ethane, which 
are gases; (2) an appreciable portion of 
the liquid condensate is composed of pro- 
pane, butanes, and pentanes, whereas 
the crude oil is predominantly “heptanes 
and heavier”; (3) the characteristics 
of the heptanes and heavier in the con- 
densate and in the crude oil are quite 
different. That of the crude oil is much 
heavier, as denoted by its low API grav- 
ity and its high molecular weight. 

Propane, butanes, and pentanes are 

hydrocarbons that can be recovered and 
sold as liquids if the gas is processed 
through a plant, but which are not re- 
covered efficiently by conventional sepa- 
rator operation. For this reason, it is 
usually desirable to consider recovery 
processes that are more efficient than 
ordinary low pressure separators when 
operating gas-condensate reservoirs, in 
order to extract these hydrocarbons as 
liquids. 
@ Wet gases. The most familiar gas- 
condensate reservoirs are of what here 
will be called the “wet gas” type. This 
name is adopted merely as a convenience 
to distinguish them from the other types 
of reservoirs discussed. Examples of wet 
gas reservoirs are the Richland field of 
northern Louisiana and some of the Ap- 
palachian gas fields of the East. Very 
few of the recently discovered gas-con- 
densate fields of the Gulf Coast are of 
this classification. 

Gas produced from a wet-gas reser- 
voir by a well can be passed through a 
separator operating at a temperature 
close to that of the atmosphere and a 
pressure of approximately 500 psi, and 
a condensate can be recovered. The 
liquid may be so small in amount that 
separators are not required; instead the 
liquid collects in “drips” installed in 
the flow line, and periodically is blown 
out. In some cases the quantity of lique- 
fiable hydrocarbons is large enough to 
justify an extraction plant. 

As the gas is produced, pressure in the 
reservoir drops at a rate dependent on 
the rate ef gas production and the pro- 
ducing capacities of the wells decline. 
The amount of liquid recoverable from 
each thousand cubic feet of produced 
gas, however, remains constant through- 
out the producing life of a field contain- 
ing wet gas. The field is abandoned when 
the pressure in the reservoir has drop- 
ped to such a low value (usually less 
than 500 psi) that the volume of gas 
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and condensate that can be sold from 
each well is not sufficient to pay operat- 
ing expenses. In some cases water en- 
croaches into the reservoir and, there- 
fore, the pressure is maintained at a 
high level. In this event, the field is 
abandoned when water has flooded out 
all the wells. 

In Fig. 1 are shown typical perform- 
ance characteristics of a hypothetical 
wet gas reservoir. The decrease in res- 
ervoir pressure, and the constancy of 
the yield of condensate, will be noted. 
The distinguishing feature of wet type 
gas-condensate reservoirs is this: The 
amount of recoverable liquid that is con- 
tained in each thousand cubic feet (often 
abbreviated MCF) of the gas produced 
by the wells remains the same at all 
times. The percentage of the condensate 
and liquefied hydrocarbons ultimately 
recovered from the reservoir, therefore, 
is equivalent to the percentage of the 
gas recovered, usually 80 to 90 per cent. 

It is possible to obtain a sample of 
the gas-condensate mixture as it exists 
in the reservoir by lowering a special 
container down into a well. By a suitable 
remotely controlled valve arrangement, 
the sample can be sealed in the container 
at the bottom of the well, so that the 
gas condensate does not escape when 
the “bottom-hole sample” is brought to 
the surface. Such a sample can then be 
taken into the laboratory and placed in 
a bath of the same temperature as that 
at the bottom of the well. By this means, 
the condition of the gas-condensate mix- 
ture as it existed in the reservoir can 
be observed. It is found that, in the case 
of wet gas reservoirs, the gas condensate 
is completely in the gaseous state at res- 
ervoir conditions. 

Removal of gas from the reservoir can 
be duplicated in the laboratory by 
opening a valve on the sample contain- 
er and bleeding off the gas‘. In the lab- 
oratory, as in the field, it is observed 
that the amount of condensate recover- 
able by cooling the “produced” gas to 
the temperature of the atmosphere in a 
separator remains constant at all times. 
No liquid drops out in the sample con- 
tainer, however, so long as the tempera- 
ture is maintained at that of the reser- 
voir. In this respect, the wet gas type 
differs from a second class of gas-con- 
densate reservoirs, which will be dis- 
cussed hereinafter. 

@ Retrograde type gases. Typical and 
well advertised examples of the second 


type of gas-condensate reservoir are the 
Big Lake field, Reagan County, Texas? 
and the La Blanca field, Hidalgo County, 
Texas*. Here, as in the case of the wet 
gas class discussed hereinbefore, a liquid 
condensate was recovered upon passing 
the gas produced by the wells through 
separators operating at atmospheric tem- 
perature. As the gas was produced, pres- 
sure in the reservoir dropped. However, 
in these cases it was observed that, as 
the pressure dropped, the yield of con- 
densate from each thousand cubic feet 
of gas declined. In this latter respect it 
differed from the wet gas type. Fig. 2 
shows how the condensate in gas from 
19 wells in the La Blanca field® declined 
from 31 bbl of liquid (pentane and 
heavier) per million cubic feet of gas 
(often abbreviated MMCF) down to 22 
bbl per million in three years—a reduc- 
tion of 29 per cent. Obviously, a consid- 
erable portion of the condensate remain- 
ed in the reservoir and was not pro- 
duced. The loss of this condensate was 
of sufficient magnitude to be of economic 
importance. 

Again, an explanation of the observa- 
tion made in the field can be obtained 
in the laboratory. A bottom-hole sam- 
ple from a La Blanca well* was placed 
in a bath at reservoir temperature as 
previously described. The material was 
found to be entirely in the gaseous state. 
However, when removal of gas from the 
reservoir was simulated by dropping the 
pressure in the sample container held 
at reservoir temperature, it was observed 
that a liquid was condensed within the 
container. 

A logical explanation of what happens 
in the field is apparent. When the pres- 
sure is dropped, due to withdrawal of 
gas, a liquid condenses in the reservoir. 
This liquid, composed largely of con- 
densate otherwise recoverable at the 
surface, “wets the sand” and, therefore, 
will not normally be produced by the 
wells. 

This type of condensation, which is 
attributable to a drop in pressure while 
the temperature of the gas remains con- 
stant, is called “retrograde condensa- 
tion.” Similarly, the gas condensates, 
from which such condensation is ob- 
served at reservoir temperatures, are 
called herein “retrograde gases.” Most 
of the gas-condensate reservoirs contain 
gases of this type. 

It has been observed in laboratory 
tests that the amount of liquid which 
drops out by retrograde condensation is 
higher for rich gases, i.e., those from 
which large condensate yields are ob- 
tained. It has been estimated® ! that ap- 
proximately 50 per cent of the recover- 
able liquid content of some gas conden- 
sates would be lost by retrograde con- 
densation in the formation if the reser- 
voir were produced and the pressure 
allowed to decline. In the case of “lean” 
retrograde gases, the loss would be less. 
The laboratory evaluation of the amount 
of possible retrograde loss, using bot- 
tom-hole samples made by combining 
surface gas and liquid, has been describ- 
ed in the literature’. 
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FIG. 3. Location of wells in typical cycling plan. 


In order to reduce the loss due to 
retrograde condensation, the process 
called cycling (or recycling) has been 
developed. By this operation, gas con- 
densate is produced from strategically 
located wells, the liquefiable hydrocar- 
bons are removed, and the stripped gas, 
instead of being sold, is compressed and 
returned to the same reservoir from 
which it was produced through injection 
wells. These injection wells are also lo- 
cated strategically, and some distance 
from the producers. By injection of resi- 
due gas, pressure drop in the reservoir 
is prevented and, therefore, retrograde 
condensation is held to a minimum. 
Eventually, the injected “dry” gas dis- 
places most of the “wet” gas between 
the injection and producing wells. These 
latter wells then begin to produce some 
of the dry gas, and the amount of wet 
gas produced begins to decrease. When 
the amount of dry gas becomes so large 
that the liquefiable hydrocarbons recov- 
ered from the small volume of wet gas 
will not pay operating expenses, the 
cycling process is abandoned. The gas in 
the field then can be sold, and reservoir 
pressure allowed to decline as in the 
case of the wet-gas type. It is esti- 
mated®7 that between 60 and 80 per 















cent of the condensate in a reservoir can 
be obtained by cycling. If cycling is fol- 
lowed by gas sales, the recovery may, of 
course, be increased—possibly to 80 to 
90 per cent. 

A map (Fig. 3) shows a typical ar- 
rangement of wells in a cycling project, 
with daily volumes produced and in- 
jected per well. Also the area occupied 
by dry gas at a particular time is desig- 
nated to illustrate the mechanism of 
displacement of the gas. 

The area shown in Fig. 3 as being oc- 
cupied by dry gas was determined by 
what is called a “model study” of the 
reservoir’. It can be shown that the 
flow of gas in a reservoir follows the 
same pattern as the flow of electricity in 
a conductive “model” of the field. These 
models are built to scale, and current is 
put in at points corresponding to injec- 
tion-well locations, and current is taken 
out at producing wells. The amount of 
current per well is made proportional to 
the volume of gas produced by, or in- 
jected into, the well. By actual expe- 
rience, it has been found that the dry-gas 
patterns determined by model study 
agree reasonably well with those ob- 
tained by observing dry gas encroach- 
ment into producing wells. Of course, 
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FIG. 4. A phase diagram. 


the dimensions of and conditions in the 
reservoir must be accurately known, so 
that the model is an accurate picture of 
actual subsurface conditions. The use 
of electric models as guides by operators 
of cycling projects now is widespread. 
@ Relation of types. In discussing 
each of the gas condensates, viz., the 
wet gas and retrograde gas types, it was 
desirable to describe the properties of 
the gas condensate in the laboratory 
under reservoir conditions of tempera- 
ture and pressure. In order to point out 
the similarity between the types, once 
again laboratory tests will be resorted to. 
Assume that another bottom-hole sam- 
ple of gas condensate is obtained. In the 
laboratory, it is observed to be entirely 
in a gaseous state at reservoir tempera- 
ture and pressure. Now, instead of re- 
ducing pressure in the container by 
bleeding off gas, let the pressure drop 
be accompanied by expanding the size 
of the container. This may be done by a 
movable piston in one end of the con- 
tainer. Further, inasmuch as conditions 
can be varied at will in the laboratory, 
observations can be made at any desired 
temperature in addition to that of the 
reservoir. Therefore, the characteristics 
of the gas condensate can be observed 
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at a great many combinations of pres- 
sure and temperature. 

The results of a number of such ob- 
servations for a given gas condensate 
can be summarized as follows: At high 
temperatures, the mixture is entirely in 
the gaseous state or phase, and it re- 
mains gaseous at all pressures. This con- 
dition corresponds to the wet-type gas. 
(t slightly lower temperatures, the mix- 
ture is in the gas phase at high pres- 
sures, but, when the pressure is reduced, 
a liquid phase condenses. This corre- 
sponds to the retrograde type gas. 
Therefore, it is seen that the particular 
type of classification into which a gas 
condensate falls depends not only on 
the amount of gas in the gas condensate 
as discussed hereinbefore, but also on 


the temperature and pressure of the 
reservoir. The same gas-condensate mix- 
ture can be classed as either of the two 
types, dependent on conditions. 

Fig. 4 is a picture of the previously 
given word summary, called a “phase 
diagram.” There are three regions on 
this diagram: in one, the pressure and 
temperature are such that only a gas 
phase is present; at slightly lower tem- 
peratures and at intermediate pressures, 
both gas and liquid phases are present, 
ie., a two-phase region; at lower tem- 
peratures and high pressures, only a 
liquid phase is present. 

Assume that reservoir conditions of 
temperature and pressure correspond to 
the point P, in the diagram. The mix- 
ture is entirely in the gas phase. If, at 
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the constant reservoir temperature, the 
pressure were dropped (as by produc- 
tion of gas from the reservoir), the cir- 
responding path on the phase diagram 
would be a vertical line from P,. It will 
be noted that such a line does not enter 
the two-phase region; the mixture re- 
mains entirely a gas, or behaves as a wet 
gas. 

If pressure-temperature conditions of 
the reservoir were equivalent to those 
designated by Po, the mixture would be 
in a gaseous state. If, at the constant 
reservoir temperature, the pressure were 
dropped (as in the La Blanca field), a 
liquid would condense. This is shown in 
the phase diagram by the vertical line 
crossing into the two-phase region. Con- 
sequently, the mixture would be classed 
as a retrograde gas. The pressures at 
which the liquid first began to condense 
is called the “retrograde dew point.” If 
the pressure were dropped to a very low 
value (an extension of the vertical line 
from P.), the region wherein a gas 
phase only is present again would be 
entered. This means that the liquid that 
condensed as described would revapo- 
rize if the pressure were reduced to a 
very low value. 

In a similar manner, it will be noted 
that if the reservoir fluid is at a reser- 
voir temperature and pressure corre- 
sponding to P,, it is entirely in a liquid 
phase. A drop in pressure causes a gas 
to be liberated (two-phase region). The 
pressure at which a gas first forms is 
called the “bubble point.” 


It was stated previously herein that 
at certain conditions the reservoir fluid 
was entirely in a gas phase, whereas at 
others it was wholly a liquid. The ques- 
tion may be asked: “How is it deter- 
mined that the mixture is a gas and not 
a liquid?” 

At extremely high pressure of the res- 
ervoir, many familiar concepts of “liq- 
uids” and gases” no longer apply. For 
instance, at 6000 psi gases are com- 
pressed to about one-four hundredth of 
their volume at atmospheric pressure. A 
cubic foot of gas is reduced in volume to 
less than a 2-in. cube. At these high pres- 
sures, therefore, gases begin to react 
much like liquids. Conversely, when as 
much as 2000 to 5000 cu ft of gas is 
mixed with a barrel of liquid (about 5 
cu ft), the mixture begins to react much 
like a gas at high pressure. 


As a matter of fact, there is one con- 
dition of temperature and pressure for 
each gas condensate, called the “critical 
point” (Fig. 4), where it is impossible 
to distinguish whether the gas conden- 
sate is a liquid or a gas. As this point 
is approached, the gas and liquid phases 
become identical in all characteristics.’~* 


@ Critical type. Some gas-condensate 
reservoirs have been discovered in which 
conditions are very close to the critical. 
As a rule, the gas to liquid ratio in such 
cases is below 10,000 cu ft per bbl. 
Laboratory evaluation of this “criti- 
cal” type of gas-condensate is difficult, 
and often it is impossible by direct ob- 
servation to distinguish whether the gas- 
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condensate is a gas or a liquid at reser- 
voir conditions. 


TABLE 3. Comparison of gas condensates with crude-oil-gas mixtures. 
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—it can be observed in the laboratory 
that the mixture is entirely in a gaseous 
state at reservoir conditions of tempera- 
ture and pressure. The liquid therefore 
has all the attributes of typical conden- 
sate; however, the amount of gas pres- 
ent with it is insufficient to “dissolve” it 
at reservoir conditions. 

The losses by the conventional crude 
oil operating practices applied to this 
type of reservoir will be great. First, 
the loss of butanes, pentanes and other 
light hydrocarbons due to conventional 
separator operation amounts to 10 to 25 
per cent or more of the liquid recover- 
able by plant processing. Second, the re- 
covery by any operation whereby the 
reservoir pressure is not maintained will 
be very low—from 10 to 25 per cent of 
the amount originally in the reservoir. 
If pressure is maintained by gas injec- 
tion, by water injection, or by restricting 
production to take advantage of a nat- 
ural water drive, the recovery can be 
increased to 40 to 70 per cent or higher. 

Table 3 gives data for several gas- 
condensates and crude oils to illustrate 
the types previously discussed herein. 
@ Occurrence with oil reservoirs. Wet 
and retrograde gases often occur as gas 
caps to crude oil reservoirs. The amount 
of oil present in such reservoirs has been 
found to vary considerably. It may be 
present only as a thin rim of liquid 
around the flanks of the structure, and 
may have no commercial significance— 
or oil may occupy in excess of 90 per 
cent of the pore space in the reservoir. 
The relative amounts of oil and gas con- 
densate in such reservoirs have an im- 
portant bearing upon the operating 
methods used, and upon the timing of 
recovery of the two reservoir fluids. In 
general, the practice has been to give 
primary consideration to recovery ef oil, 
and recovery from the gas-condensate 
zone has often been deferred until ex- 
ploitation of the oil zone was completed. 
If ownerships of the oil and gas con- 
densate are diversified, some inequity of 
income at times may result in such cases. 

More often than not several gas-con- 
densate reservoirs are found in the same 
field. The integration of the simultaneous 
operation of two or more such reservoirs 
calls for ingenuity in well-completion 
practices and timing of recovery. 

@ Operating methods. The classifica- 
tion of gas condensates, their properties, 
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Speed-Trip Power Slips standing while 7” 
casing is being lowered into the hole. 


EXIT THE CASING SPIDER for all sizes up to 
7” O.D.—Speed-Trip Power Slips handle drill 
pipe, casing and tubing in all sizes from 234” 
to 7” O.D. Since most of the talk about Speed- 
Trip Power Slips has revolved around their 
remarkable performance in speeding up the 
time-consuming round trip, some operators 
have wondered just how they perform when 
it comes to running casing. Here’s the answer: 
Performance is fast and smooth whether you’re 
handling casing, drill pipe or tubing. The slip 
ring has a full 16” opening, so casing in sizes 
through 7” O.D. passes with no trouble at all. 
Thus for casing no larger than 7”, Speed-Trip 
Power Slips replace the casing spider. 


A TOUCH OF THE DRILLER’S TOE—Speed- 
Trip Power Slips are air operated. The control 
valve is located at the driller’s toe. A touch of 
his toe and the slips rise to standing position. 
Another touch and they lower to set position. 
Power is applied to set the slips as well as to 
raise them, so positive centering of the pipe is 
always assured. : 
UNIFORM, NON-CRUSHING GRIP—The 
three long slips have replaceable inserts, de- 
signed with teeth that have positive, uniform 
gtip without crushing or otherwise damaging 
the pipe . . . even when the heaviest strings 
are being handled. 
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and modes of occurrence have been dis- 
cussed previously herein. The operating 
methods usually applicable to each type 
have been generally reviewed. There are, 
however, many exceptions to the general 
statements made previously. The selec- 
tion of a particular operating method for 
a given field should depend upon certain 
basic principles that are well known to 
industry. 

The basic principles governing best 
operating methods for gas-condensate 
reservoirs are not unique and, according 
to modern thought, are the same as for 
most oil reservoirs.* However, physical 
waste due to improper operation is both 
more serious and more easily discernible 
in the gas-condensate reservoirs and, 
therefore, the application of these basic 
principles has been more the rule than 
the exception. These principles are: (1) 
Selection of operating methods based 
upon the character of the reservoir 
fluids; (2) maintenance of pressure in 
those reservoirs where a decrease would 
result in loss of recovery underground; 
(3) efficient handling of produced fluids 
at the surface to obtain maximum liquid 
extraction; (4) optimum spacing of 
wells to obtain highest recovery; and 
(5) unitization of interests to assure 
equity to all parties having ownership 
in the common reservoir, and to enable 
application of principles (1), (2), (3), 
and (4). 

Gas-condensate operations may be di- 
vided into two classes: (1) Those con- 
cerned with efficient recovery of gas con- 
densate from the reservoir through the 
wells, and, (2) those pertaining to ex- 
traction of the liquefiable hydrocarbons 
from the well production. These two 
classes of operations are in many cases 
of equal importance. Inefficient extrac- 
tion can result in losses as great as those 
due to retrograde condensation, or in- 
efficient recovery. 

The “cycling” operation previously 
described is now widely utilized for re- 
covering retrograde gases. It is not neces- 
sary to cycle wet-type gases to prevent 
loss of condensate underground. Often, 
however, no market for gas exists, and by 
the cycling process the condensate can 
be recovered without awaiting the de- 
velopment of an adequate gas outlet. If 
the gas is the gas cap of an oil reservoir, 
cycling may enable the recovery of the 
condensate simultaneously with the oil. 
Production of the gas for sale obviously 
would cause oil to move into the gas 
zone, and result in significant loss of oil 





TABLE 5. Operating methods— 


summary. 





Recovery methods Extraction methods 
1. Cycling a. Separator—conventi 
2. Gas sales or storage b. Separator—multi-stage 
3. Pressure maintenance oc. Plant 











recovery. For these reasons, some wet- 
type gases may be cycled. 

Gas injection to maintain pressure and 
and prevent retrograde condensation is 
not necessary if water encroaches into 
the reservoir as a retrograde gas is pro- 
duced. In the case of wet gas reservoirs, 
obviously the pressure need not be main- 
tained, because no condensation takes 
place in the reservoir as pressure de- 
clines. In such cases, when there is a 
market for gas or when it may be utilized 
legally for some other purpose, gas-con- 
densate reservoirs may not be cycled. 
Among other legal methods, in addition 
to gas sales for which gas has been uti- 
lized in such operations, are: injection 
into an oil reservoir to maintain reservoir 
pressure and so to increase oil recovery; 
injection into a gas reservoir of lower 
pressure for gas storage, and injection 
into a reservoir containing water for gas 
storage. The foregoing operating meth- 
ods and others of similar nature, wherein 
the pressure in the gas-condensate reser- 
voir is not maintained by residue gas in- 
jection, may be called “gas sales or 
storage” to differentiate them from 
“cycling.” 

In the case of critical type reservoirs, 
maintenance of reservoir pressure is in- 
dicated. Injection of gas, injection of 
water, and restriction of producing rate 
to take full advantage of natural water 
drive are commonly applied for “pres- 
sure maintenance.” 

Methods of extracting condensate or 
other liquefiable hydrocarbons from the 
well production may be classed as: (1) 
Separation of gas and condensate in a 
conventional oil separator operating at 
approximately atmospheric temperature 
and a pressure ranging from 100 psi to 
500 psi or more; (2) multi-stage sepa- 
ration as described hereinafter, and (3) 
extraction in a processing plant. These 
methods are in order of increasing effi- 
ciency. 

Recovery by a conventional separator 
is relatively low, ranging from 40 per 
cent or less to 85 per cent of that obtain- 
able in a plant, depending upon the 
composition of the gas condensate. By 
multi-stage separation, recovery efficien- 


FIG. 5. Diagrammatic sketch of multi-stage separation of gas-condensate. 
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Here’s the answer to your problems of access to new oil 
field developments—International Crawlers. Every oil man 
knows that prospecting and drilling must often be done in 
mountains, forests and deserts—spots that are hard to reach. 

That’s where International Crawlers put the power in the 
project. They open up the oil fields by building access roads 
and clearing drilling sites. They’re on hand to skid derricks, 
dig slush pits and move heavy equipment to keep the rigs 
working. 

Matchless “lugging ability” of International Diesel en- 
gines gives these crawlers the terrific staying power to come 
through the toughest going. 

Your International Industrial Power Distributor is the 
man to see about these mobile power-packages. He’ll show 
you how International Crawlers will give you easier, surer 
access to the oil fields. 
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INTERNATIONAL HARVESTER COMPANY 


180 North Michigan Avenue 
Chicago 1, Illinois 
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cy may be increased over that obtainable 
by use of one separator. Multi-stage sep- 
aration (or simply stage separation) is 
illustrated diagrammatically in Fig. 5. 
Well production enters a separator op- 
erating at high pressure, on the order of 
1000 psi. The pressure selected usually 
is the one at which the separator gas 
retains the least amount of liquefiable 
hydrocarbons, or the “optimum separa- 
tor pressure.” Liquid from the first sep- 
arator goes to a second separator at a 
lower pressure where additional gas is 
liberated, and so on through additional 
separators until atmospheric pressure is 
reached. The temperatures in each of 
the separators also may be controlled. 

Plant processing is most efficient. 
Many of the plants in operation today 
of the absorption-oil type recover in ex- 
cess of 30 per cent of the propane, 80 
per cent of the butanes, and substantially 
all pentanes, hexanes, and heptanes and 
heavier. 

In Table 4 are given the barrels of 
liquid recoverable by each of the fore- 
going methods from one million cubic 
feet of a typical retrograde gas. 

Summarizing the foregoing, present 
operating methods or those utilized in 
the past for gas-condensate reservoirs 
are combinations of: (1) cycling; (2) 
gas sales or storage; or (3) pressure 
maintenance—with one of the three ex- 
traction methods, as indicated in Table 5. 

Large-volume gas markets have re- 
cently been developed on the Gulf Coast, 
and the possibility of chemical conver- 
sion of gas by the Fischer-Tropsch proc- 
ess into gasoline and other liquid hydro- 
carbons on a large scale promises to 
increase substantially gas sales over 
present volume. More and more opera- 
tors will be required to make a choice or 
compromise between cycling with com- 
plete maintenance of pressure and gas 
sales. This it is possible to do intelligent- 
ly by utilizing the current knowledge 
concerning gas-condensate reservoirs. 
Underground losses due to retrograde 
condensation, and recovery by cycling, 
can both be estimated with sufficient ac- 
curacy as outlined in the previous para- 
graphs. 

The operating method used in a par- 
ticular case depends upon the evaluation 
of a number of factors.?° Obviously, the 
amount of recoverable liquid in the gas 
is very important. The cycling and plant 
processing of gas condensates containing 
less than 20 bbl to 25 bbl of liquid per 
million cubic feet usually is not finan- 
cially attractive, unless there is a market 
for some of the residue gas from the 
plant. Also, the size of the reserve must 
be sufficient to pay out plant and well 
investments and to yield a reasonable re- 
turn. Many small reservoirs, containing 
comparatively rich gas condensates, will 
not support a processing plant and pay 
out the cost of installing a compressor 
plant for cycling without some sale of 
gas concurrent with cycling. 

The capacities of wells are an impor- 
tant factor. Low capacity means a large 
number of both producing and injection 
wells must be drilled, resulting in high 
investment and operating costs. 


Subsurface conditions may be so com- 
plex as to make cycling unattractive. 
The presence of numerous complex 
faults, erratic shale breaks, large varia- 
tions in permeability, and other non- 
uniform conditions may make cycling 
of reservoirs containing lean gases im- 
practical or unprofitable. 

Each reservoir presents an individual 
problem. The operating method selected 
depends upon the items discussed previ- 
ously herein, and also upon marketing 
conditions, and other economic factors. 
Usually the most important single item 
in making the selection is whether unit- 
ized operation is possible. 


@ Unitization. There is now almost 
universal agreement that unitization of 
operating and royalty interests is an es- 
sential prerequisite for efficient opera- 
tion of a gas-condensate reservoir. The 
primary purpose of unitizing operations 
is to increase recovery of condensate and 
other liquefiable hydrocarbons, resulting 
in increased values to the operator, the 
royalty owner, and society as a whole. 
In the foregoing sections of this review, 
unitization has been tacitly assumed in 
discussing operating methods. 

Results of cycling operations have 
proved beyond doubt that the reservoir 
containing gas condensates is itself a 
unit, with no subsurface lease bound- 
aries. The gas is freely migratory, and 
the amount of recovery from the reser- 
voir is determined by the location of 
wells—not the number of wells. The 
operating method used is of primary im- 
portance, and it should be selected by 
study of the reservoir as a whole. 


In cycling and other pressure-mainte- 
nance operations, the objective of effi- 
cient operation is to produce the gas con- 
densate, but not to produce the dry gas, 
water, or other fluid that displaces the 
gas condensate from the reservoir. This 
can be done only by locating and operat- 
ing wells to take advantage of structural 
position and other conditions in the reser- 
voir. For most efficient operation, lease 
ownership should not be given any con- 
sideration. However, income must be 
shared by all leases, and not exclusively 
by those on whose tracts the producing 
wells are located. Unitization provides a 
means of equitably sharing the income. 


A brief survey of differences between 
most oil and gas-condensate reservoirs 
may serve to clarify the more urgent need 
for unitized operation in the latter type 
of field. First, dollar recoveries per vol- 
ume of the reservoir from gas conden- 
sate is much less than from oil. For in- 
stance, cycling yields on the order of 20 
bbl to 200 bbl condensate, and 1,000 
MCF to 4,000 MCF of gas per acre-ft, 
worth approximately $65 to $470 at 
prices of $1.75 per bbl and $0.03 per 
MCF, respectively. On the other hand, 
crude oil yields are on the order of 200 
bbl to 1000 bbl per acre-ft, with possible 
small additional value for gas produced 
with the oil. Whereas a profit can be 
made in most cases by drilling an oil 
well to each 40 acres, the same is not 
true of gas condensate. Wider spacing of 
wells means that a well cannot be drilled 
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Rig Lighting Plant 

Electric Welder 

Accessory Drive for Wash Down Pump 
Air Compressor Unit 
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Something distinctly different from conventional units 
is this Stewart & Stevenson Combination Auxiliary Unit. It 
serves a multitude of purposes, yet takes up practically the 
same space as a simple rig lighting plant! The unit illus- 
trated is rated at 15 KW lighting capacity, 200 amperes 
welding capacity, 17 cubic feet air compressor capacity— 
and provides 25 H.P. available for operation of wash down 
pumps, shale shakers, and other uses on the rig. 

The unit is completely self contained. Mounted on a 
heavy duty skid type base, it contains a large capacity fuel 
tank mounted just under the top of the hood, a control panel 
for complete control of engine, lighting generator, and elec- 
tric welding generator as well as an air receiver tank built 
into the sub base. The complete unit is enclosed in a weather 
resistant sheet metal hood with easily removable side panels. 

You have the choice of either G. M. Diesel engines for 
power, or Continental natural gas engines. The power is 
sufficient, with either engine you choose, to operate all com- 
ponents simultaneously and still have at least 25% reserve 
power, therefore assuring long life and trouble free service. 
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Dimensions of this unit 
are: Width overall, 33"; 
Lenath overall, 114”; 
Height, 60”, Tota 
weight is less than 
4,000 pounds. 
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Small units are also available with correspondingly 


less a and reduced dimensions for greater port- 
ability. For free engineering assistance on your drill- 
ing power problem see 


STEWART & STEVENSON 
SERVICES. inc. 


CORPUS CHRISTI 
643 N. Port Ave. 
Phone 8252 


HOUSTON DALLAS 
4516 Harrisburg Blvd. 4801 Lemmon Ave. 
Phone W 6-9691 Phone L 6-6649 


McALLEN WICHITA FALLS 
19 East Highway P. O. Box 1415 
Phone 1019 Phone 3319 


DISTRIBUTORS: 


General Motors Diesel ~~ 
Continental Red Seal Gas, oline, Butane Engines 
Hallett Diesel Engines 

FABRICATORS: 


Electric Switch Boards 
Electric Generator Sets 
Electric Control Equipment 
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on each and every lease and, therefore, 
units must be formed to prevent gross in- 
equity of income. Second, extraction 
plants to strip efficiently the liquefiable 
hydrocarbons from gas condensate re- 
quire large investments in addition to 
that for drilling the wells, and it is not 
often that one operator in a field has suf- 
ficient holdings to make the construction 
and operation of such a plant financially 
ittractive. Third, the actions of one oper- 
ator in a field affect the operations of all 
others because of the freely migratory 
character of gas. This effect is more 
noticeable in gas-condensate than in oil 
fields. Thus, one operator by selling gas 
can (and in some cases has done so) 
drop the pressure throughout a reservoir 
containing retrograde gas, resulting in 


damage to any leases wherein operators 
are maintaining pressure by gas or water 
injection. 

The foregoing and many other advan- 
tages of unitized operation are recogniz- 
ed by all. It is beyond the scope of this 
review to outline all the arguments’® for, 
or the few against, unitization. It is sig- 
nificant that some states require as a 
matter of law that, in the event a majori- 
ty of interests in a gas-condensate field 
desire to unitize to enable more efficient 
operation, others also must do so. How- 
ever, almost all the units formed up to 
now have been voluntary. Operators and 
royalty owners alike have been assured 
of an overall income under unitized oper- 
ation greater than would be obtained by 
non-unitized operation. This usually can 
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be demonstrated because of the fact that 
total recovery always is greater by uni- 
tized operation. 

Even when all parties interested in a 
given field have agreed that unitization 
is desirable, the agreement upon a basis 
for participation in a unit is often diff- 
cult. The basic principle for participa- 
tion in most units has been® !* that each 
party should share in the unit in the 
proportion that the recoverable hydro- 
carbons under his tract, or the value 
thereof, bears to the total under all 
tracts. In largely undeveloped fields or 
those wherein sand conditions are uni- 
form, surface acreage may be an equi- 
table basis of participation. For fields 
wherein sufficient information is avail- 
able, the amount of recoverable hydro- 
carbons can be calculated rather accu- 
rately. Net pay thickness, porosity, and 
water content of the pay are used to 
calculate the space containing hydro- 
carbons, The composition of the gas con- 
densate is used to determine what por- 
tions of the reservoir fluid are recov- 
erable as liquid and gas. Laboratory 
tests are made to determine the volume 
of reservoir space required to hold 1000 
cu ft of gas condensate—more common- 
ly called the volume factor. By combin- 
ing these factors, the amount of gas and 
condensate under each tract can be com- 
puted. 

Many of the objections to unitization 
arise from the fact that the objecting 
party does not understand the details of 
the proposed participation formula. Most 
of the uncertainties and fears which were 
at first held have now largely disap- 
peared because of many years of success- 
ful operation of unitized projects. 


Cooperation between operators, royal- 
ty owners, and regulatory bodies is es- 
sential to efficient operation of a gas- 
condensate reservoir. Unitization is the 
mechanism by which this cooperation 
can be applied to operation of the field. 
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Use of helium as a tracer in oil and gas fields* 


By E. M. FROST, JR., Chemical Engineer, U. S. Bureau of Mines 


I am pleased to have this opportunity 
of bringing to your attention the use of 
helium as a tracer in oil and gas fields. 
Though the practical development of the 
use of helium as a tracer started only 
recently, we have to date engaged in 
helium tracer projects in three widely 
separated fields; and in one instance, are 
carrying on two separate projects simul- 
taneously in the same field. In each proj- 
ect undertaken, we have been able to 
provide the operators with valuable in- 
formation that could not be predicted 
and could not be determined by any 
other presently known practical means. 
A project. was completed in the Elk 
Hills, California, field last summer and 
a report on the work has been published 
as Report of Investigation No. 3897. A 
project was begun in the Slaughter, Tex- 
as, field last December and is complete 
except for a few final observations. A 
project was begun in the Cabin Creek, 
West Virginia, field during the past sum- 
mer and is progressing successfully. Re- 
ports on the last two projects will be 


ee D 

_ “Presented at meeting of the Petroleum Divi- 
sion, American Institute of Mining and Metal- 
lurgical Engineers, Galveston, Texas, October 3, 
4, and 5, 1945. Much of the material contained 
in this print has been published by the U. S. 


Bureau of Mines in Reports of Investigation 
8897 and 3899. 


published as soon as the data can be 
assembled. 

When used as a tracer gas, small 
percentages of helium are mixed with 
natural gas being pumped into a reser- 
voir for conservation, repressuring, or 
cycling purposes. Minute quantities of 
helium added to natural gas can be de- 
tected by analytical methods and accu- 
rately determined. Consequently, when 
helium-enriched gas displaces or inter- 
mingles with natural gas being pro- 
duced, the variations of the helium con- 
tent of the produced gas from various 
parts of a field give interesting and long- 
sought data on the movement of injected 
gas through reservoirs. 

Some general information about heli- 
um itself may be of interest. Helium is 
one of the basic forms of matter, com- 
monly known as an element, if one dis- 
counts the present trend toward splitting 
of the atoms. It occurs in dilute form in 
practically all natural gases from the 
United States, and even in the air we 
breathe. In most instances, however, it 
is present in only minute amounts, often 
a few thousandths or even a few ten- 
thousandths of a per cent. Few natural 
gases contain as much as one half of 
one per cent helium, and a natural gas 


containing one per cent or more is rare. 
Thus, helium is not manufactured, but is 
found to occur naturally. 

Helium for military and commercial 
purposes is extracted from the helium- 
bearing natural gases, and a tremendous 
volume of natural gas must be processed 
to obtain quantity production of helium. 
Helium is the next lightest gas known, 
is non-flammable, does not enter into any 
known chemical reactions, and is the 
least soluble of any of the presently 
known gases. Initially its principal use 
was in balloon service. It is coming into 
use as an inert agent in metallurgical 
operations, as a tracer gas in oil and gas 
fields, and is used diluted with oxygen 
for the hospital treatment of patients af- 
flicted with lung, chest, and throat ail- 
ments. It has played an important part in 
deep-sea diving and rescue work. 

The mechanics of helium tracer work 
are relatively simple. An intensive survey 
is made first to determine the initial heli- 
um content of the gas from the produc- 
ing wells and of the gas being injected 
or to be injected. This survey comprises 
sampling the wells to be involved each 
day for several days or possibly for a 
week, and analyzing the samples for heli- 
um content. After this preliminary sur- 
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vey helium is added to the injected gas 
for a limited period of time and in con- 
centration sufficient to form an easily- 
perceptible wave of helium-enriched nat- 
ural gas in the formation. The addition 
of tracer helium then is discontinued. 
Gas from the producing wells is analyzed 
at regular intervals for an extended peri- 
od of time. Arrival of tracer helium at the 
producing wells is revealed by the varia- 
tions in the helium content of the pro- 
duced gas. 


The length of time required for the 
tracer helium to show at wells offsetting 
the injection well during the Bureau’s 
work has been unpredictable. In some in- 
stances, it has appeared within a few 
days, whereas in other instances it has 
not appeared at the end of six months. 
The results obtained in the tracer work 
have contradicted without exception the 
predictions of the operators and in some 
instances proved conclusively and deci- 
sively that some rather deep convictions 
of the operators were incorrect. 

The most satisfactory method of pres- 
enting the findings of our tracer work is 
by means of projection slides. I have pre- 
pared a number of these slides, and will 
discuss them individually. The first 
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group relates to the work done in the 
Elk Hills field. 

@ Fig. 1. This is a map of that portion 
of the Elk Hills field in which our heli- 
um tracer work was done. The injection 
well is identified by the double circle 
near the center of the figure. The double 
and single lines crossing the map repre- 
sent fault lines established by electric 
log correlations, drilling records, and 
bottom-hole pressure surveys. Many of 
the faults were presumed by the opera- 
tors to be barriers to the migration of 
gas, and in discussions with the opera- 
tors preceding the tracer work, it was the 
expressed conviction of several that the 
injected gas was being confined between 
the fault lines on either side of the select- 
ed injection well. 

Approximately 2,000,000 cu ft of na- 
tural gas per day was injected into the 
injection well at a pressure of approxi- 
mately two hundred pounds. The initial 
helium content of this injected gas was 
slightly less than one thousandth of a 
per cent by volume. Tracer helium was 
added to the injected gas during two 
separate periods, the first of about four- 
teen days duration and the second of 
about thirty days duration. An approxi- 
mately two-week interval was inter- 


spersed between the two periods of heli- 
um addition. During the first period, he- 
lium was added to bring the total helium 
content to approximately 0.14 per cent 
and during the second period, helium 
was added to bring the total helium con- 
tent to approximately 0.05 per cent by 
volume. We were unable to differentiate 
between arrival of the first and the sec- 
ond waves of tracer-laden injected gas at 
the producing wells. A much longer in- 
terval between successive waves will be 
allowed in subsequent tests in other 
fields. 

Before referring to the next figure, I 
want to call your attention to the four 
offset wells approximately equidistant 
from the injection well. The next several 
figures show the helium content data of 
produced gas from the surrounding 
wells, and the first four graphs shown 
are data from these four offset wells. 

@ Fig. 2. This figure presents data on 
two of the wells offsetting the injection 
well. These data reval that tracer helium 
arrived at the one well approximately 
five days after start of helium-addition, 
and arrived at the other well approxi- 
mately 22 days after start of helium- 
addition. It is noticeable that the helium 
content of the produced gas after arrival 
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of the tracer-laden gas varies widely from 


prematurely due to the closing in of the 
day to day. This variation in helium con- 


field following VJ day. The injection 


tent has not been encountered in other 
projects; and a probable explanation 
for the variations in the Elk Hills work 
has been obtained only relatively re- 
cently. Our tracer work was closed down 


well and all the producing wells under 
observation were open to two separate 
zones. Observations coming to our atten- 
tion subsequent to the preparation of 
our report indicate that the injection 
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well had caved at the lower zone. This 
probably caused most of the injected gas, 
including the tracer-laden gas, to enter 
the upper zone while gas at the produc- 
ing wells came from both zones. Varia- 
tions in the producing rates as well as 
other factors could cause easily the wide 
variations in the helium content of the 
produced gases. 


@ Fig. 3. This figure shows helium con. 
tent data of additional wells. The two 
upper graphs show data from the two 
additional offset wells near the injection 
well. Tracer helium arrived at the third 
well after approximately 30 days and at 
the fourth well after approximately 55 
days. Thus the time required for the in- 
jected gas to travel approximately equal 
distances in the four directions was 5, 
22, 30, and 55 days respectively. 

The additional graphs on this figure 
are for wells farther away from the in- 
jection well. In the case of the fourth 
graph, sampling of the well was dis- 
continued after the first few days, for 
some reason that I do not remember, and 
was not resumed until late in the project 
—apparently not until after tracer heli- 
um had arrived in the vicinity of the 
well. 

@ Fig. 4. This figure shows helium con- 
tent data of additional wells. Collection 
of data on two of the wells was inter- 
rupted during a part of the study, thus 
accounting for the breaks in the graphs. 

In the preparation of the graphs show- 

ing helium content data, the wells were 
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FIG. 8. Typical data from the 
Cabin Creek, West Virginia, field. 
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grouped roughly in accordance with 
their relative nearness to the injection 
well. As the tracer helium was detected 
at the nearer wells, additional wells far- 
ther out were selected for sampling. Ac- 
cordingly, in the subsequent graphs, 
data are missing for the earlier part of 
the study, and in several instances, the 
tracer helium already had arrived before 
the sampling was begun. Though the 
data are fragmentary in places, they are 
included to give the complete picture of 
our Elk Hills helium tracer work. 

@ Fig. 5. Helium content data of ad- 
ditional wells are shown in this figure. 
@ Fig. 6. Helium content data of addi- 
tional wells are shown in this figure. At- 
tention is called particularly to the first 





FIG, 9. Typical data from the 
Cabin Creek, West Virginia, field. 
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two graphs on this figure, as these play 
an unusual part in subsequent interpre- 
tations. Helium appeared at the well first 
shown several days earlier than at the 
second, and in much greater concentra- 
tion. Data on the additional wells are 
fragmentary and probably indecisive ex- 
cept that they indicate that tracer helium 
had arrived. It was our intent to follow 
the wave of tracer-laden gas much far- 
ther and thus obtain more data on these 
additional wells, but the closing in of the 
field following VJ Day prevented our do- 
ing so. 


@ Fig. 7. After preparation of the pre- 
ceding graphs, the best estimate was 
made of the time of arrival of the tracer- 
laden injected gas at the various produc- 


FIG. 11. Helium analysis apparatus. 
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FIG. 10. Typical data from the 
Cabin Creek, West Virginia, field. 
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ing wells. Fig. 7 then was prepared show- 
ing the best estimate of the position of 
the wave-front of tracer-laden injected 
gas at the end of 20, 40, 60, and 75 days 
subsequent to start of addition of tracer 
helium to the injected gas. During the 
discussion of previous figures, attention 
was called to wells 18 and 38, at the 
lower right portion of Fig. 7. The present 
interpretation of the break-through at 
(x) is based on the early arrival at 18 
compared to 38, the much stronger show 
of tracer helium at well 18, and the prob- 
ability of more extensive fracturing of 
the formation at the intersection of the 
major and the minor faults. 


@ Fig. 8. The Bureau at the present 
time is conducting a helium tracer gas 
project in the Cabin Creek, West Vir- 
ginia, oil and gas field. This project is 
incomplete, though progressing satisfac- 


FIG. 12. Schematic drawing 
of helium analysis apparatus. 
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torily, and no report has as yet been 
written on it. Data on a few typical wells 
are given in the present paper, however, 
to show the success with which we are 
detecting the arrival of tracer helium at 
the producing wells. During this test, 
tracer helium was added to the injected 
gas for one week, and in quantity sufh- 
cient to raise the helium content of the 
injected gas from about .03 per cent to 
one per cent, following which the addi- 
tion of helium was discontinued. Obser- 
vation of gas from the surrounding pro- 
ducing wells still is in process. One out- 
standing feature noticeable from the 
graph is the length of time the tracer 
helium persists at the producing wells 
compared to the length of time during 
which helium was added to the gas. In 
some instances, the wave already has 
persisted for more than fifty days and 
shows no signs of receding within the 
near future. Fig. 8 shows data from a 
few typical wells. 

@ Fig. 9. Additional typical well data 
from the Cabin Creek project are shown 
in Fig. 9. 

@ Fig. 10. Additional typical well data 
from the Cabin Creek project are shown 
in Fig. 10. 

@ Fig. 11. The Bureau has developed 
a helium analysis apparatus recently that 
is portable and in addition has a sensi- 
tivity much greater than that possessed 
by former apparatus. A photograph of 
the apparatus is shown in Fig. 11. Gas 
formerly reported as having no helium 
content often can be analyzed readily 


and the low helium content determined 
with appreciable precision when using 
the new apparatus. Duplicate samples 
have been analyzed and results obtained 
that check to a thousandth of a per cent. 
In several instances, results have been 
obtained that check to one ten-thou- 
sandth of a percent, though this preci- 
sion is not often required and does not 
seem to be of practical importance in 
helium tracer work. An apparatus of this 
type has been carried several thousand 
miles in the back seat of an ordinary 
passenger automobile without breakage. 
This portability permits taking the ap- 
paratus to the field for use in tracer work 
instead of requiring that the samples be 
shipped to a central laboratory. The only 
accessories required in the field are a 
source of electric energy, a very small 
volume of tap water, and a source of 
liquid air or liquid nitrogen. The liquid 
air or nitrogen may be shipped appre- 
ciable distances. A skilled operator can 
run fifty or more analyses a day under 
ordinary conditions. 


@ Fig. 12. A schematic diagram of the 
helium analysis apparatus is shown in 
Fig. 12. The apparatus is based upon the 
fact that large volumes of all constituents 
except helium normally found in natural 
gas are adsorbed quantitatively on ac- 
tivated coconut charcoal that is cooled 
to the temperature of liquid air. The ap- 
paratus comprises a sample measuring 
bulb, a charcoal-filled tube that during 
operation is cooled with liquid air, a 
McLeod gage for measuring the pressure 


produced within the apparatus by the 
helium in the sample, a spectrum tube 
for assuring that all gases except helium 
have been adsorbed, and a vacuum pump 
for exhausting the apparatus prelimina- 
ry to an analysis and between successive 
analyses. Details of construction, cali- 
bration, and operation of the apparatus 
are given in Bureau of Mines Report of 
Investigation No. 3899. The apparatus 
is available at the present time only on 
special order from glass-blowing shops, 
of which there are many making equip- 
ment of this type. 


@ Fig. 13. Report of Investigation No. 
3899 contains a complete working draw- 
ing from which the apparatus may be 
built. This working drawing is shown in 
Fig. 13. We have been able to purchase 
several sets of the apparatus complete 
with all accessories at a cost of less than 
$500 per set. 


@ Fig. 14. Three types of helium ship- 
ping containers are used on a routine 
basis by the Bureau. These comprise the 
small cylinder, approximately 9 in. in 
diameter and 5 ft tall, containing ap- 
proximately 200 cu ft of helium at a 
pressure of approximately 2000 psi; a 
motor transport trailer containing about 
30,000 cu ft of helium at about 2400 psi; 
and railway tank cars containing ap- 
proximately 200,000 cu ft of helium at 
about 2400 psi. The small cylinder is 
familiar to most of us, particularly as 
the oxygen cylinder used in welding. 
Special valves are used for helium serv- 
ice, though. 


FIG. 13. Working drawing of helium analysis apparatus. 
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FIG. 14. Motor transport helium trailer. 





FIG. 16. Railway helium tank car. 


One of the motor transport trailers is 
shown in Fig. 14 and a close-up of the 
manifold end in Fig. 15. The various 
cylinders comprising the trailer are 
manifolded together to provide a single 
outlet line for discharging the helium. 
Accessories visible in this figure are the 
orifice run and “U” tube for controlling 
the rate of low-pressure discharge from 
the trailer. One of the railway tankcars 
is shown in Fig. 16, and a close-up of the 
manifold end of the tank car is shown 
in Fig. 17. Here again the various cylin- 
ders are manifolded to provide a single 
discharge line for the helium. 


The Bureau has for years carried on 
1 survey of natural gases with particular 
reference to helium contents in their 
search for fields containing commercial 
quantities of helium. In the course of this 
survey many wells from many different 
fields have been analyzed, and since the 
start of the helium tracer studies, many 
more have been analyzed. It has been 
found that the helium content of gas 
varies from field to field even when 
closely associated and that the helium 
content of gas from different wells in the 
same field varies. Two adjacent wells 
may not necessarily have the same heli- 
um content. The numerical value of the 
variation among samples from different 
wells in the same field may not be large, 
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but often on a percentage basis the varia- 
tion is appreciable. The wells of some 
fields have been under observation for 
nearly twenty years and no tendency 
has been noted for the helium contents 
of gas from the various wells to approach 
a common level. The reason for this vari- 
ation is not understood, and, frankly, 
neither is the process understood by 
which the helium originally gets into the 
gas. Several theories have been ad- 
vanced, but none seem conclusive. Thus, 
it should not be surprising if in the 
course of surveys preliminary to a tracer 
project, it is found that the helium con- 
tents of gas from all wells in a single 
field do not agree. 


Helium is available readily to commer- 
cial users within the United States. The 
Bureau is in a position to release several 
million cubic feet a month after meeting 
all military needs. This surplus helium 
is being extracted from natural gas that 
already has been produced from the 
ground and is enroute to commercial 
markets. If the helium is not extracted 
and used, it is lost forever. The Bureau 
would welcome the opportunity to make 
this surplus helium available to Ameri- 
can industry, for it is a resource not 
possessed so far as is known by other 
countries, 

Helium is sold by the Bureau of Mines 








FIG. 17. Manifold end of 


railway helium tank car. 


for medical, scientific, and commercial 
use under regulations approved by the 
President. The present sale price for 
commercial helium is $13 per 1000 cu ft, 
f.o.b. the helium production plant when 
delivered into tank cars, semitrailers, or 
large multiple-cylinder units, and $15 
per 1000 cu ft when delivered into stand- 
ard cylinders. The Bureau is in a posi- 
tion to make available to the purchaser 
tank cars, semitrailers, or standard cylin- 
ders at nominal rental rates. Helium 
may be shipped in the purchaser’s con- 
tainers provided they meet with Bureau 
of Mines and Interstate Commerce Com- 
mission specifications. Copies of the 
regulations governing the production 
and sale of helium are available upon re- 
quest from the Bureau of Mines, United 
States Department of the Interior, Wash- 
ington, D. C. 


It is hoped that helium used as a tracer 
will give the oil and gas fraternity a new 
tool with which to explore the under- 
ground movement of fluids accurately. 
The Bureau has taken the initiative in 
arranging and conducting the first few 
field projects, developing this new use 
of helium, and is prepared to cooperate 
actively with operators to the extent of 
its available resources in the further 
utilization of helium as a tracer gas. 
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Pumping equipment selection for 
secondary recovery developments* 





By E. N. Kemler, Southern Research Institute 




















@ Abstract. Secondary recovery pump- @ Introduction. The preparation of a eral development of this subject, there- 
ing equipment selection generally differs paper on pumping equipment selection fore, the material will be treated first 
from primary recovery equipment only for secondary recovery developments is from the standpoint of selecting new 
in size. This paper gives a summary of rather difficult, because each individual equipment, which involves power and 
data on horsepower requirements avail- case has certain characteristics that re- load characteristics, together with the 
able on small and shallow wells. Infor- quire separate consideration. In general, discussion of methods of calculating 
mation on rod-line power losses is like- secondary recovery projects require the these values. A discussion of torque re- 
wise given. In the rational use of pump- most careful conservation of investment, quirements and counterbalancing fol- 
ing equipment on small wells, every ef- in order to have reasonable payout or re- lows. Those factors that are involved in 
fort should be made properly to apply __ turn on investment. This usually dictates utilization of existing or second-hand 
and counterbalance such wells. Proper the utilization or adaptation of existing equipment are very similar; however, the 
counterbalancing is also a most impor- production equipment whenever pos- discussion on this point is more con- 
tant factor to be considered when apply- sible. A general discussion of this ques- cerned with means of obtaining the most 
ing used equipment to secondary recov- tion requires: First, a consideration of from such equipment, inasmuch as the 
ery projects, or in putting existing equip- the problems of selecting equipment utilization of this second-hand equipment 
ment to heavier service. Proper counter- where new equipment will be used; and, is at a heavier load requirement, in gen- 
balance is equally important on central second, a consideration of the factors in- eral, than that for which the equipment 
powers and beam wells. volved in the utilization of existing or is used prior to the secondary recovery 
; second-hand equipment when it is either use. 
wan i st available or advisable to use it because The material as given herein is further 
November 12, 1946. ; : ‘ of economic circumstances. In the gen- limited to discussion of general prin- 
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FIG. 3. Jack and rod line horsepower vs 
rod line travel, in inches per minute. 
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ciples rather than to any specific equip- 
ment. The types of equipment that are 
generally available under various cir- 
cumstances vary from area to area as 
well as from manufacturer to manufac- 
turer, so that any discussion of this type 
of equipment is rather difficult on a gen- 
eralized basis. The material that is given 
herein can be adapted to a wide range 
of applications, depending upon the par- 
ticular circumstances involved. Although 
the data included are meager, they rep- 
resent the limited information available. 
Because small wells are generally oper- 
ating on a marginal basis, the engineer- 
ing analysis of such wells has generally 
received very little consideration, so that 
a very minimum of information is avail- 
able as compared with the larger wells 
utilizing heavier equipment. 

@ Selection of new equipment. In the 
selection of equipment for the pumping 
of wells, consideration must be given to 
the power requirements, the peak-load 
requirements, and the peak-torque re- 
quirements. The power requirement de- 
temines in part the size and character- 
istics of the prime mover. The peak-load 
requirement fixes the size of the struc- 
tural members, and the size of the rods 
needed. The peak torque required by the 
cycle determines the size of the trans- 
mission needed, including the clutch, 
belts, gears, or chains, and the shaft sizes. 
In the application of stock sizes of pump- 
ing equipment, the engineer must be cer- 
tain that the equipment can handle the 
peak loads and torques. Although these 
peak values are dependent on the pump- 
ing cycle, the rod sizes, and the pump 
size, they can also be influenced by the 
design of the installation, and by the care 
used in the counterbalancing of the sys- 
tem. By proper counterbalancing, the 
size of installation required can be con- 
siderably reduced. Likewise, by. failure 
to maintain a pumping system in proper 
counterbalance, the equipment can be- 
come greatly overloaded. The operator 
of equipment can influence the peak 
torque on equipment by a factor of 2 to 1, 
depending on the amount of counterbal- 
ance used and the care used in properly 
counterbalancing. The size of equipment 
to give long trouble-free service will then 
largely depend on whether the operator 


156 


wishes to select on the basis of properly 
counterbalancing and maintaining this 
counterbalance, or on the basis that no 
attention will be given to this important 
factor. 

@ Power requirements. The following 
information on load and power require- 
ments is largely based on actual well 
tests on small wells comparable to those 
encountered in secondary recovery op- 
erations. The limited amount of data on 
such wells makes it necessary to give 
only average conditions. Inasmuch as 
power and load requirements depend on 
so many factors, it is difficult to cover 
more than the normal conditions to be 
encountered. The effect of improper 
alignment of rod lines, improperly lubri- 
cated or located swings and holdups or 
holddowns, crooked holes, improperly 
sized pumps, and similar factors will 
leads to higher loads and power require- 
ments. 

Fig. 1 lists data taken in 5 wells cov- 
ering a wide range of pumping cycles.’ 
These data cover the general range of 
conditions that might be expected in 
wells between 1000 ft and 1500 ft. For 
shallower wells there are few data avail- 
able, so that any prediction of horse- 
power requirements must be an estimate. 
Fig. 2 shows representative data on 2500- 
ft wells as shown by three series of tests. 
These data show that horsepower re- 
quirements tend to increase more rapidly 
than they would to maintain a direct pro- 
portion to pumping speed. 


In central power installations rod-line 
losses constitute a very important factor 
in determining the entire power require- 
ments. Power loss in rod lines is difficult 
to evaluate, as it varies with rod size, 
speeds, type, and spacing of carriers, 
profile of the line, and other physical 
factors. Fig. 3 gives some representative 
data for %-in. rod line. This diagram 
gives rod-line loss per 1000 ft of line for 
representative pumping speeds or rod- 
line travel. For moderate pumping cycles 
the loss is about 1 hp per 1000 ft of line. 

The total power requirements of a cen- 

tral power installation must include the 
sum of polished-rod horsepower and 
rod-line horsepower. When there is an 
excessive number of swings, dummies, 
holdups or holddowns, some allowance 
must be made for them. Friction losses in 
rod lines or pumping wells can result in 
much higher horsepower requirements 
than indicated. 
@ Load. Polished-rod loads may vary 
as much as polished-rod horsepower. 
Friction of the rods and plunger prob- 
ably account for the greatest part of this 
variation. Unless dynamometer data are 
available, the best estimate of peak load 
can be obtained for the Slonneger form- 
ula: 


Leed= (WetW,)( 1 1 


Where: 
W,=weight of rods per ft. 
W,=weight of oil column on plunger 
per ft. 
N=strokes per minute. 
L=length of stroke, in. 
l=depth of well. 
For a 15@-in. rod string and 134-in. 
plunger, W,--W, is approximately equal 
to 2.2 lb per ft. Fig. 4 gives the quantity 


1+- —. for various products of NL. 


@ Balancing. Balancing of wells is 
most easily accomplished in the 
field?» #- 5, Many discussions of methods 
of counterbalancing are to be found in 
the literature. The simplest and easiest 
applied method is that of slipping the 
clutch. This method has been described 
a number of times in the literature, and 
consists merely of gradually releasing 
the clutch on a pumping well until it 
starts slipping on either the upstroke or 
downstroke. If the clutch slips equally 





IMPULSE FACTOR 





FIG. 4. Relation of impulse factor to prod- 
uct of stroke length times strokes per minute. 
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on the upstroke and downstroke, it means 
that the well is properly counterbal- 
anced. If it slips more on the upstroke 
than on the downstroke, it means that the 
well is underbalanced; and, if it slips 
more on the downstroke than on the up- 
stroke, it indicates that the well is over- 
balanced. With a little experience, op- 
erators can soon learn to do a good job 
of balancing by using this method. The 
emphasis on balancing may seem to be 
out of place in an article of this type; 
however, balancing is so important in 
obtaining the maximum from equipment 
that it cannot be overemphasized. A little 
underbalance or overbalance is equiva- 
lent to underloading or overloading the 
equipment. The difference between no 
balance and perfect balance on a small 
well may mean the difference in peak 
load or torque on the equipment by a 
factor of 2, or even 3 or more, to 1. There- 
fore, unbalance even to a small degree 
can have the effect of a 30 per cent or 40 
per cent increase or decrease in torque. 


The counterbalancing of central pow- 
ers is equally as important as that of in- 
dividual wells. The effect on the prime 
mover and on the central power itself is 
as destructive as on an individual unit; 
however, the counterbalancing of such 
wells is somewhat more difficult; and, 
inasmuch as counterbalance cannot be 
used on individual wells and still main- 
tain good rod-line operation, the use of 
dummies is necessary. To calculate the 
position and amount of dummies is some- 
what more difficult, and requires calcu- 
lations based on well loads and positions. 
Several methods have been proposed in 
the literature that are entirely satisfac- 
tory for work of this type*. 


Through the use of good engineering 
practices, it is frequently possible to 
utilize old equipment satisfactorily; 
however in many cases such equipment, 
if not properly engineered, and if not 
kept in proper balance and condition, 
will give excessive trouble. A little effort 
in balancing and alignment can mean 
much in improved service. These practi- 
cal factors are generally more important 
than some of the theoretical considera- 
tions with regard to type of equipment 
to be used or the method of operation. As 
indicated previously, loads increase more 
rapidly than in direct proportion to 
pumping cycle. Therefore, every effort 
should be made to size equipment and 
control operating conditions to obtain as 
slow a pumping cycle as possible. This 
again is particularly important when old 
equipment is utilized, because, in gen- 
eral, it does not have so large a factor of 
safety as when new. 
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Corrosion and preventive methods in Katy field* 


By R. C. BUCHAN, Humble Oil and Refining Company 


@ Abstract. The author describes brief- 
ly the Katy gas-condensate field, the pro- 
ducing and cycling equipment used, 
and its operation. The effects of acidic- 
water corrosion are illustrated and dis- 
cussed, The use of plastic-coated pipe, 
and the use of soda ash as a neutralizing 
agent, are described as being practical 
means of reducing corrosion losses in the 
Katy field. The need for continued re- 
search and for field testing of alloys is 
pointed out. Instead of waiting for a 
complete understanding of such prob- 
lems, it is advocated that full-scale field 
tests be initiated as soon as corrosion is 
found in new fields. The arrangement of 
sub-surface equipment to facilitate cor- 
rosion control is discussed briefly. The 
importance of keeping equipment in 
safe working condition is emphasized. 


@ Introduction. The corrosion of equip- 
ment used in producing condensate res- 
ervoirs is becoming an old problem in 
the industry. Most of the present knowl- 
edge pertaining to the subject has been 
well summarized in the form of tentative 
conclusions in a recent API paper. In- 
tensive efforts are being continued on 
this problem by committees under the 
sponsorship of the American Petroleum 
Institute (API), Natural Gasoline Asso- 
ciation of America (NGAA), and the 
National Association of Corrosion En- 
gineers (NACE). Additional work is be- 
ing done by the U. S. Bureau of Mines, 
and by the research and operating de- 
partments of the producing companies. 


It is the purpose of this paper to pre- 
sent the specific problem encountered in 





*Presented before American Petroleum In- 
stitute, Division of Production, Chicago, Illinois, 
November 13, 1946. 


FIG. 1. Wellhead assembly on producing well. 
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one of the larger condensate fields, and 
to discuss the problem essentially from 
an operating viewpoint. 

Long periods of research are in pros- 
pect. Because of the numerous unevalu- 
ated and possibly some unrecognized 
variables connected with the problem, 
and because of the apparent inconsist- 
ency of the observed phenomena, a major 
effort should be directed toward full- 
scale field experiments. This is being 
done in the Katy field; and, although all 
corrosion is not under control, a rea- 
sonably early solution of the problem in 
that field appears likely. 

The Katy gas-condensate field, located 
in Waller, Harris, and Fort Bend coun- 
ties about 30 miles northwest of Hous- 
ton, Texas, is an oblong domal structure 
covering an area of approximately 30,- 
000 acres. The average well depth is 7600 
ft. The formation between 6250 ft and 
7450 ft below sea level is divided into 
six separate sand reservoirs — each of 
which consist of one or more lenticular 
members. The porosity of the sands 
varies from 18 to 35 per cent. Each res- 
ervoir has a definite water table, and 
producing wells are completed well 
above the gas-water contact. 

The field was discovered in 1935, and 
developed rather slowly. A cycling plant 
was put into operation in January, 1943, 
and an absorption plant was added later 
in 1943. The entire field was unitized, 
and the plan was enlarged in 1944, The 
present major facilities in the field con- 
sist of: 33 producing wells, 36 miles of 
gathering lines, an absorption-compres- 
sor plant, 34 miles of injection lines, and 
13 injection wells. Almost all the equip- 
ment and materials selected are those 
suitable for the working pressures en- 
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FIG. 2. Wellhead assembly on injection well. 


countered in a non-corrosive, non-abra- 
sive service. 

The producing wells were initially 
completed with either 7-in. or 514-in. OD 
oil-string casing and with 214-in. or 2-in. 
tubing, set without packers so that wells 
could be produced from both the casing 
and tubing. Surface casing, 1034-in. or 
954-in. OD, was set at a depth of at least 
2500 ft in all wells. Producing wells 
were equipped with 6000-psi test well- 
head assemblies, which included adjust- 
able chokes with 1l-in. ID beans on the 
tubing and casing outlets. Injection wells 
are equipped with tubing and with 10,- 
000-psi test wellhead assemblies. Figs. 1 
and 2 illustrate typical wellhead assem- 
blies. 

The gathering system is of welded con- 
struction, and consists of nine main lines 
into which the igdividual well lines are 
connected, usually at right angles. The 
pipe size varies from 4 in. to 10 in., but 
most of it is 8 in. Lines were tested to at 
least 3100 psi with water, after installa- 
tion. The pipe sizes in the injection sys- 
tem vary from 4 in. to 12 in., and were 
tested to 4100 psi. No lines were doped 
and wrapped. Cathodic protection is not 
used except in the plant area to pro- 
tect lines in the plant. 

The absorption-compressor plant was 
designed for an absorber pressure of 
1800 psi. The actual pressure used varies 
between 1800 psi and 1850 psi, and the 
lean gas is compressed to 3150 psi for 
injection. 

Six-in. lines and meters are used at in- 
jection wells, and these are connected to 
3-in. or 4-in. wellhead fittings. 

@ Operation of the field. Until Janu- 
ary, 1943, wells remained shut in, or 
were produced at low rates—mainly for 




















fuel for drilling operations. From Jan- 
uary, 1943, to April, 1946, wells were 
produced at fairly high rates through the 
casing and tubing. During this poet 
the flowing wellhead pressures were 
tween 2400 psi and 2630 psi; producing 
rates were 2 to 36 MMCF* per well per 
day (most were between 20 and 25 
MMCF); and the wellhead tempera- 
tures were between 144 and 180 F (most 
were between 170 and 175 F). 


During April, 1946, all production 
through the casing was discontinued, 
and work was accelerated to replace 
some of the corroded 2-in. and 2%-in. 
tubing with larger diameter tubing, in 
order to obtain the desired flow capaci- 
ties without having to reduce the ab- 
sorber pressure at the plant. Most of the 
new tubing installed was 44%4-in. OD (4 
in. ID) or 4in. OD (314-in. ID), ex- 
ternally upset with an insert joint to 
form an internally flush bore. The pres- 
ent flowing wellhead pressures are be- 
tween 2100 psi and 2250 psi; producing 
rates are 7 to 32 MMCF per well per 
day (most are between 10 and 15 
MMCF) ; and the wellhead tempera- 
tures are between 148 and 170 F (most 
are between 150 and 160 F). 


The inlet pressure @# the plant varies 
between 2000 psi and 2100 psi. The tem- 
perature of the gas entering the plant 
varies between 130 and 140 F. 


The gas is injected at a wellhead pres- 
sure of about 3025 psi, and at rates of 
7 to 61 MMCF per well per day (most 
wells take 20 to 30 MMCF per day). The 
wellhead temperatures at injection wells 
vary from 100 to 155 F, and average 145 
F. The average temperature of the gas 
leaving the plant is 160 F. 


@ Equipment affected by corrosion. 
Corrosion affects to some extent all cas- 
ing and tubing strings subjected to well 
fluids. The ferrous surface equipment, 
including wellhead assemblies, meter 
runs, and the gathering systems, are cor- 
roding internally. Corrosion in the plant 
has been negligible; and, although con- 
ditions warrant periodic inspections, cor- 
rosion is a minor problem at present, and 
it is believed that it will not become se- 
rious. The casing is believed to be cor- 
roding externally as a result of battery 
currents between the casing and flow 
lines, 


The corrosion of subsurface equip- 
ment is the most expensive part of the 
overall problem. Analyses of waters pro- 
duced in 1943 indicated that corrosion 
was occurring in the wells, but the se- 
riousness was not fully realized. During 
the past 12 months, 12 strings of tubing 
were pulled after an average service of 
three and one-half years, and only about 
25 per, cent was in suitable condition to 
re-install. Grade H-40 and J-55 external- 
ly upset, non-normalized API tubing was 
installed initially. Except for the re- 
moval of mill scale, the lower part of 
the strings has not been attacked by cor- 
rosion. The internal corrosion in the re- 
mainder of the strings does not follow 
any given pattern, except that usually 





*MMCF = million cubic feet. 
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the first 2 ft of the lower end of each 
joint corrode more rapidly and more 
severely than does the upper end or the 
middle of the joint. Fig. 3 shows the re- 
sults of an internal caliper survey, which 
reflects the condition of tubing after 
three years of average Katy service. Com- 
plete inspections of the tubing removed 
from five wells shows that no pitting has 
occurred in the main body of the pipe 
to within 2 ft from the ends in three of 
the five strings, even though pits have 
penetrated more than 50 per cent of the 
wall in the upset and upset round-out 
areas. External corrosion of tubing in 
wells producing from both casing and 
tubing has been minor, except that cou- 
plings, as shown in Fig. 4, are usually 
pitted—some badly—and ‘the exposed 
threads are attacked where water can 
stand. Mill scale appears to be complete- 
ly removed in less than one year. 


Little is known concerning the actual 
condition of casing in Katy wells. One 
string of 514-in. OD full-length liner was 
pulled after having been in service 3.7 
years. The lower half of this pipe was 
not visibly affected. Internal corrosion 
was found in the upper half, and the pit- 
ted condition resembled that occurring 
on the inside of tubing. Most of the pit- 
ting was concentrated in an area within 
24 in. of the end of the down end of the 
joint. The top 1200 ft. of this string was 
severely corroded. A number of holes 
were present in the end of the joints in 
the threaded section, and approximately 
Vy in. of the ends of several joints had 
corroded away as illustrated in Fig. 5. 
No external corrosion was found on this 
pipe, because it had been set inside of a 

95gin. OD string that extended to about 
7000 ft. (The external corrosion appar- 
ent in Fig. 5 was due to atmospheric cor- 


FIG. 3. Chart from internal caliper survey at Katy field in tubing used three years. 
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FIG. 4. Corroded tubing coupling 


rosion subsequent to removal from the 
well.) 

Internal casing corrosion in the form 
of pitting has been found in other wells 
when wellhead equipment changes were 
made. Fig. 6 shows the condition of a 
piece of casing removed from just below 
the well head. Suitable tools for deter- 
mining the extent of internal casing cor- 
rosion have not been available. Several 
recently developed tools will probably 
be tried at Katy as soon as the tools are 
available. 

Corrosion and subsequent leakage 
made it necessary to replace almost every 
wing valve installed initially in well 
heads on producing wells—some after 
less than two years’ service. The throats 
and the flange facings are most seriously 
attacked. The design of these valves 
needs no improvement, but corrosion-re- 
sistant materials are needed. Valves lined 
with several types of stainless steels or 
with Stellite have given perfect service 
with no apparent corrosion after more 
than two years’ use. Some of the other 
alloys used for lining appear to be no 
more resistant than the ordinarily used 
steels. The shortage of valves known to 
be satisfactory in this service has dictated 
the use of 10,000-psi test valves to obtain 
the added corrosion tolerance. 

Parts of choke assemblies used on pro- 
ducing wells are frequently replaced. 
Corrosion and erosion of the stems and 
beans prevent a tight closure, usually 
after about 30 days. Stems and beans are 
replaced every five or six months, be- 
cause after that time their condition is 
such that they cease to serve their in- 
tended purpose. Hard surfaces, such as 
are obtained by lining with Stellite and 
hard electroplated chromium, have been 
proved to resist this erosion. Because 
only parts of the surface need protection 
against erosion, and because such linings 
are difficult to apply to the entire assem- 
bly, the base metal needs to be a cor- 
rosion-resistant material, 

Other parts of well-head assemblies 
are corroding. Fig. 7 illustrates the na- 
ture of corrosion on ring-joint flanges. 
Because of general present lack of any 


FIG. 5. Corroded 5-in. liner. 


proven material that is not too expensive, 
the present program includes the use of 
10,000-psi test equipment, which pre- 
vides additional corrosion tolerance. 
Plastic coatings are being tested in a 
number of wells; and, although a few 
of these coatings look promising, the cost 
of properly coated fittings is about the 
same as the cost of satisfactory alloys 
should be. 

One of the more serious problems at 
Katy from a safety viewpoint is corrosion 
of ring gaskets. Fig. 8 shows a ring that 
had remained in service about two years. 
Synthetic-rubber “protection” rings are 
used to keep well fluids from having easy 
access to the ring gaskets. The rubber 
rings deteriorate and often disappear in 
three to four months, and the exposed 
ring gaskets corrode to an alarming de- 
gree in one year’s time or less. So far, 
minor leakage has indicated failure, and 
replacements are made. Also, periodic 
inspections are made, and all rings that 
have been attacked are replaced. A pro- 
gram to try to find a better “protection” 
ring is in effect. Some of the available 
pastic materials appear suitable. 

Katy is one of the six or seven fields in 
which a number of alloys are being test- 
ed by the NACE condensate well-corro- 
sion committee. These tests should result 
in giving the industry a better selection 
of materials for combating corrosion in 
wellhead assemblies. 

The corrosion that has been experi- 
enced in the gathering system has been 
confined to the inside bottom of lines, as 
shown in Fig. 9, except that, at tie-ins of 
individual well lines, erosion has aggra- 
vated corrosion as is shown in Fig. 10. 
Some parts of individual well lines have 
been replaced, and others probably will 
have to be replaced in the next year. 
Heavier pipe is being used for replace- 
ments. Test holes are used as an indica- 
tion of loss of wall thickness. These holes 
have been drilled at all points where 
visual inspections have shown that a ten- 
dency toward corrosion exists. The holes 
are 1/16 in. in diameter, and drilled deep 
enough that a calculated safety factor of 
1.15, based on minimum yield, still exists 
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FIG. 6. Internal corrosion of casing. 


when corrosion allows the gas to break 
through the test hole. Radium inspection 
of critical locations in lines is also used 
to a limited extent. This has proved to 
be a satisfactory non-destructive spot-in- 
spection method, provided two measure- 
ments 90 deg apart are made at each lo- 
cation so as to detect non-concentric 
pipe, and provided the individual method 
is accurate if an unknown amount of 
liquid is present. No external corrosion 
is experienced. 

Corrosion in the gathering system is 
minimized by the chemicals used to pro- 
tect subsurface equipment. The reduc- 
tion in pressure and temperature over 
that existing a year ago may alter the 
rate of corrosion. The safety factor for 
bursting strength has been increased by 
the reduction of pressure. 

No corrosion has as yet been found in 

the injection lines or injection-well 
equipment. This is as would be expected, 
because the gas contains 50 per cent or 
less water than the amount necessary for 
saturation entering the average injection 
wells. One injection well has a wellhead 
temperature of about 100 F, and no cor- 
rosion is being experienced—indicating 
an unsaturated condition at this lower 
temperature. 
@ The cause of corrosion. The internal 
corrosion of ferrous equipment at Katy 
is due to the acidic properties of the con- 
densed water under the existing pressure 
and temperature conditions, as was 
pointed out by several investigators” * 4, 
Carbon dioxide and organic acids are 
present. No doubt other substances are 
present, some of which probably in- 
crease, whereas some decrease, the cor- 
rosion rate, but the effect of no single 
substance has been isolated. The pro- 
duced gas contains 0.6 to 0.7 per cent 
carbon dioxide. The condensed water at 
the plant inlet contains 390 to 400 ppmt 
of organic acids (as propionic acid), and 
about 150 ppm of iron. The pH of the 
water in the tubing has not been meas- 
ured because of physical difficulties, but 
it is believed to be about 4. 

Thorough studies of data from individ- 
ual wells have not resulted in determin- 
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PRODUCTS 
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OIL INDUSTRY 
NEEDS 





@ Link-Belt oil industry products are 
backed by the vast resources that come 
from over 70 years of industrial prog- 
ress. Unfailing performance proves this 
wherever men drill for and produce oil. 
Whether in use in original equipment 
manufacture or as replacement parts in 
field service, products that bear the Link- 
Belt trademark have earned and won the 
acceptance of operators since the oil in- 
dustry’s pioneer days. Examples of Link- 
Belt’s oil industry line are shown here. 
The complete line is shown and described 
in your Composite Catalog. 


LINK-BELT COMPANY 


Indianapolis 6, Dallas 1, Houston 2, Los Angeles 33, 
Kansas City 6, Mo., New York 7, Toronto 8. 
Distributors in all fields. 







LINK-BELT 
MUD SCREENS 


Available in single or dual 

units . . . made in two type 
sizes, NRM-124—24” x 48” and NRM-145 — 48” 
x 60”. Specify dependable L-B Mud Screens. They’ll 
keep you out of mud trouble. 
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LINK-BELT ENCLOSED GEAR DRIVES 


L-B enclosed Herringbone Gear speed reducing and 
increasing units are made in single, double and 
triple reductions. Also furnished in Worm Gear 
and Motorized Helical Gear ri 

types, including P.I.V. Gear i” 
Variable Speed Changers, in 
various reductions, ratios and 
horsepowers. 













LINK-BELT SILVERLINK OIL FIELD ROLLER CHAINS AND SPROCKETS 
Made in all required sizes and widths, including sprockets. Alloy steel construction, 
great strength, light weight and ability to withstand shock has made it the top chain 
choice of operators and manufacturers alike. 























LINK-BELT 
ROTARY 
CHAINS & 


SPROCKETS 
API-4 Super Hyper Pre- 
cision rotary chain, an ex- 
clusive Link-Belt design, 
is one of several L-B 
types of heavy duty (SS) 
rotary chains and sprock- 












LINK-BELT BEARINGS 


Available in a _ wide 
range of sizes, ball and 
roller types, unmounted 
or mounted as pillow 






locks, cartridge and ets. It’s stronger, longer 
flange units or other lasting. 
mountings. 


POWER TRANSMISSION MACHINERY 
ROTARY MUD SCREENS 
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ing the effect of the several variables 
involved. The iron content of waters 
taken at indiviual wells varies consider- 
ably, i.e., from 70 to more than 400 ppm; 
and, in general, the iron content appears 
to be lower in many wells at high rates of 
flow than at low rates. All evidence to 
date indicates that no iron or not more 
than a trace of iron is produced from 
the formation. Only one well in the field 
is producing more than a trace of salt 
water, and it has been under specific ob- 
servation only a short while. The or- 
ganic-acid content is fairly constant. No 
rate of production in any well has elimi- 
nated internal corrosion of tubing. 


@ Effects of erosion. Erosion is minor 
in the Katy field in comparison with cor- 
rosion. The term erosion, as used in this 
paper, includes impingement and any 
cavitational effects. In choke assemblies, 
erosion and corrosion are equally im- 
portant, and frequent replacements are 
required. Plastic coatings are gradually 
removed by erosion in choke assemblies 
in one to two months in the average well. 


FIG. 7. Corroded ring-joint flange. 


FIG. 8. Corroded ring gasket. 


Erosion is a problem in only a few spots 
in the gathering system. The fact that 
erosion is a minor problem was proved 
by a study using metal coupons, includ- 
ing ome made of 14-K gold, and by visual 
and radium inspections. Erosion does 
occur in piping at points of abrupt 
change of direction in the gathering sys- 
tem, particuarly where lateral lines con- 
nect into main lines at right angles. The 
localization of corrosion on the inside of 
API tubing to near the down end of the 
joints could in a sense be connected with 
erosion, but is thought to be due to a re- 
flux action or an unsteady liquid-film 
flow, brought about by turbulence at the 
couplings. 


@ Stray electric currents. A rather 
thorough survey was made of the flow of 
electric currents in the field. The mag- 
nitude and direction of flow in the gath- 
ering system was determined, and sur- 
veys were made inside of the oil-string 
casing in a number of wells. 


It was found that an average of 1.9 
amp (varied between 0.38 and 3.65 amp) 
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FIG. 10. Aggravated corrosion at tie-ins in gathering system. 





was flowing into all producing wells, and 
that an average of 2.9 amp (varied from 
0.89 to 4.96 amp) was flowing into in- 
jection wells. The difference in electric 
potential was measured between the top 
of the casing and various points in the 
casing in several wells. This potential 
varied from 0 at the surface to about 30 
mv at 7000 ft with the flow line connect- 
ed, and 0 to 10 mv when disconnected. 
The current leaves the casing from top to 
bottom, but a change of slope occurring 
in the average survey curve jndicates that 
more than the average amount of current 
leaves at a depth of 3000 ft to 3500 ft. 
These currents are believed to have no 
effect on internal corrosion; however, in- 
sulating flanges are to be installed to 
minimize external casing corrosion. 


@ The use of chemicals to control cor- 
rosion. Often corrosion can be effective- 
ly controlled by chemical means*, and 
this is believed to be true in the case of 
internal corrosion at Katy; however, at 
the time that it was decided to try chem- 
ical control, conditions in the field made 
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such a procedure undesirable, if not im- 
practical, in many wells — mainly be- 
cause tubing packers had not been in- 
stalled. It was believed that the produc- 
ing capacity of the formation would be 
reduced by some of the chemicals that 
might be tried, or by their reaction prod- 
ucts. 


To make chemical control feasible, it 
is necessary that: 1, a compound having 
suitable chemical and physical proper- 
ties be available; 2, the mechanical ar- 
rangement of the equipment be such that 
chemical can be injected where needed 
with a minimum amount of trouble, and, 
3, suitable injection devices be available. 


\ research program has been in effect, 
and is being continued, in a rather inten- 
sive manner to evaluate chemicals for 
this purpose. Such work includes the cor- 
relation of laboratory-test results with 
results obtained in field trials. This pro- 
gram has not advanced to a satisfactory 
solution of the whole present problem, 
but it has indicated several approaches 
that can be used toward solution. 


Laboratory tests indicated that two 
chemicals of the inhibitor type, viz., 1, 
bone oil, and, 2, carbon disulphide, war- 
ranted extensive field trials in wells not 
equipped with tubing packers. Field 
trials showed that the bone oil is 50 to 
75 per cent effective as an inhibitor, but 
its use had to be condemned because of 
the odor imparted to the liquid products 
at the plant. The carbon disulphide was 
found to be only 15 to 25 per cent effec- 
tive, but it does not seriously affect the 
plant product. The low order of effective- 
ness, and the possibility that the iron- 
sulphide scale that forms may prove ob- 
jectionable in time, condemn the use of 
carbon disulphide. Other inhibitors are 
to be tested in wells without packers, but 
it still appears difficult to find a com- 
pound that is economical and has no un- 
desirable characteristics. 


Laboratory tests and use in other fields 
indicated that small amounts of neutral- 
izing agents, such as sodium carbonate, 
sodium hydroxide, and ammonium hy- 
droxide, would effectively reduce corro- 
sion at Katy if properly injected. Soda 
ash was chosen, because it was easiest 
and safest to handle, for trial in several 
wells in which tubing packers were set, 
and tubing was perforated above the 
packer to allow egress of the chemical 
from the annulus to the tubing. After us- 
ing solutions of soda ash for 90 days in 
several wells, it is thought that its use 
may prove to be an economic solution to 
the corrosion problem at Katy. Corrosion 
is being controlled with soda ash in 
eight wells at present (two wells have 
no packers). One pound of soda ash is 
dissolved per gallon of water, and is in- 
jected continuously into the casing at a 
rate of 1 gal of solution per 1 to 3 MMCF 
of gas per day. The pH of the treated 
water produced is in the range of 7.0 to 
7.8, and it is believed that the pH of the 
water in the tubing is 6.0 to 6.5. The iron 
content of the water varies from 10 ppm 
to a trace, indicating 90 per cent or more 
effectiveness. No operating difficulties 
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have developed as yet from the use of 
soda ash. 

Chemicals useful in one field may not 
be useful in another. The converse is also 
true. Chemicals that are applicable in 
wells producing little or no salt water 
may have to be discontinued when salt- 
water production increases. 

Any chemical injection in this work 

should be continuous rather than inter- 
mittent, and this has been proved at 
Katy. Gas-driven chemical injectors of 
the type commonly used in the oil fields 
often function erratically when injec- 
tion pressures are above 2000 psi. Fig. 
11 illustrates one type of newly designed 
pump which operates well, but further 
improvement in these devices appears 
desirable. 
@ The use of plastic coatings to pre- 
vent corrosion. Four strings of tubing 
lined with a baked-in plastic coating 
were installed at Katy during August and 
September of 1946 as replacements for 
corroded tubing. Tubing was packed off 
near the bottom, and mud was left in the 
annulus. The plastic used is that referred 
to as the “type 2” in the following dis- 
cussion. At the time this paper was writ- 
ten these wells had not cleaned them- 
selves completely of drilling mud and 
water, and the water analyses were con- 
sidered as not being indicative of lack or 
presence of corrosion. 

The type 2 coating was tried in well- 
head and other fittings in the Katy field. 
Inspection after five months revealed a 
new condition, except in choke assem- 
blies, where it was gradually removed 
by erosion in two to four months. 

Previous work in other fields led to 
the trial of coatings at Katy, and it is 
briefly summarized herein because of 
probable interest. 


Experiments endeavoring to perfect 
plastic coatings for oil-well tubing serv- 
ice have been carried on intensively for 


at least five years, but until about 18 
months ago no reasonably acceptable 
product was marketed. All but a few of 
the available products were readily con- 
demned by laboratory experiments. Most 
of the earlier field tests of promising 
coatings were made in corrosive pump- 
ing wells, but in 1945 tubing coated with 
baked-on, thermo-reacting, and thermo- 
setting plastics was installed in a num- 
ber of flowing oil wells. Seven strings of 
coated tubing using two different coat- 
ings were installed in 11,000-ft oil wells 
in a Louisiana field where tubing failed 
in three to four years due to corrosion. 
The temperatures, pressures, and corro- 
sive conditions encountered in these wells 
are similar to the conditions in conden- 
sate wells in the Gulf Coast region. Fig. 
12 shows the condition of coated and of 
bare tubing in these wells, as reflected 
by internal caliper surveys. The charts 
taken in these wells are not entirely com- 
parable because of the difference in the 
length of time that the tubing was in 
service, but corrosion of bare tubing in 
this field begins immediately after pro- 
duction starts, and the type 1 plastic was 
known to have begun to fail—by flaking 
off—after it had been in service only 
three months. The pitting revealed in the 
tubing coated with the type 1 plastic is 
believed to have started eight to ten 
months after installation. The survey of 
the tubing coated with the type 2 coating 
reveals no corrosion. Type 2 coating has 
a phenolformaldehyde base, is baked-on 
at approximately 350 F, and is applied in 
several layers to a total thickness of 
0.005 in. to 0.006 in. 


@ Arrangement of subsurface equip- 
ment to facilitate corrosion control. Ex- 
perience in the Katy and other fields 
indicates that operators should expect 
corrosion in condensate wells having 
pressures above about 1500 psi and res- 
ervoir temperatures above 160 F if the 


FIG. 11. Gas-driven chemical pump. 
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Diamond Roller Chain Drives 
on Franks 7000-foot Double 
| Drum Skid Spudder. 


-. 


THE DRIVES THAT 
SPEED SPUDDER OPERATION 


Long acknowledged a leader in production of oil field machin- 





ery, Franks has likewise been a long-time user of Diamond 
Roller Chain Drives. As the close-up above shows, this late 








model double drum skid Spudder is equipped with four drives. - 
The sturdiness and reliability that have been inherent in 
Diamond Roller Chains for more than half a century, have been 
familiar to the oil country for more than a generation—since ey 
Diamond pioneered the usage of precision roller chain for both AN . 
high-speed and low-speed service on production equipment. N y 
DIAMOND Drives are giving long, trouble-free performance N / } 
on thousands of drilling and servicing units all over the world. iN 
DIAMOND CHAIN COMPANY, Inc., Dept. 441, 402 Kentucky NIK 














Ave., Indianapolis 7, Indiana. Tulsa Office: 2238 Terwilleger Blvd. | 
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FIRST CHOICE 


\ 
OF DRIBLERS 
\ 


In multipf& hookups of two, three, four or six engines, Series L 

Cummins Dependable Diesels are providing the power that enables 
drillers to obtain fast, low cost footage at the deepest levels ever reached. 
In the 12 years since the first Cummins Diesels were compounded for oil 
field use, they have established records of economy, dependability and 
easy servicing ... records attested by the fact that Cummins powers more 
rigs in the Mid-Continent area today than any other diesel. 

In addition to the Series L, used extensively in compounded rigs, four 
other series of Cummins Dependable Diesels are designed for heavy-duty 
jobs of drilling, pumping, generating and well servicing. 





CUMMINS ENGINE COMPANY, INC. ¢ COLUMBUS, INDIANA 





SPECIFICATIONS 


. ee Piston Maximum Net , . 
Series ya Disp. Rating (H.P. Weight* Dimensions* 
(Cu.In.) andR.P.M.) (Lbs.) 


H-600 444,x6 672 150 @ 1800 2160 57x30x 46 

HS-600 444,x6 672 200 @ 1800 2540 58x 32x 47 

NH-600 5'%x6 743 200 @ 2100 2600 59x 41x63 SINCE 1998...PIONEER OF PROFITABLE POWER 
NHS-600 5'4%4x6 743 275 @2100 3000 59x41x6l Seo eee eeee eeneeee 
L-600 7 x10 £2309 250 @ 1000 7590 92x 44x 58 

*Apbroximate for basic engine. Does not include accessories, 


Three Series L Cummins Diesel Engines, rated at 240 bhp each at 900 rpm, work as a team in deep bole drilling to produce a total of 720 bp. 
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gas contains carbon dioxide in excess of 
0.2 per cent by volume®. Previous at- 
tempts to classify wells have indicated 
that possibly 25 to 50 per cent of the 
wells in this class will encounter little or 
no corrosion. Present indications are that 
non-corrosive wells in this class are rare, 
and it is probable that 90 per cent are 
corrosive. In view of this, serious consid- 
eration should be given to completing in- 
itially and equipping wells so that con- 
trol of corrosion is facilitated. 

At Katy all the initial completions con- 
sisted of setting tubing, without packers, 
inside perforated casing. This conven- 
tional method is ideal for obtaining max- 
imum producing capacities from tubing 
and casing outlets, but corrosion can at- 
tack the inside of the casing and both 
sides of the tubing. Chemical for corro- 
sion control can be injected either into 
the tubing or casing while production is 
from the other outlet. Such a control de- 
pends on a perfect chemical, i.e., one that 
has suitable chemical and physical prop- 
erties, and particularly one that will not 
lead to plugging of equipment or the 
producing formation. No highly effective 
‘chemical for this purpose has been 
found. As a safety precaution against 
otherwise undetected casing leaks, a tem- 
perature-survey program is in effect to 
find leaks if and when they develop. 


A number of wells at Katy have been 
reset with tubing as large as the casing 
size allows. This permits: First, higher 
rates of production without large pres- 
sure losses, and, second, the injection of 
chemicals into the casing. A tubing pack- 
er is installed near the bottom to prevent 
chemical from going to the formation. 
Chemical goes through perforations in- 
stalled in the tubing just above the pack- 
er. With this arrangement, the inside of 
the casing and the outside of the tubing 
are subjected to a minimum of corrosion. 
The principal disadvantage—as is also 
true when no tubing packer is used—is 
that, if the casing leaks due to any cause, 
a loss of reserves or even a wild well 
could result. 


Tubing packers were used in the four 
wells that were equipped with steel tub- 
ing coated internally with plastic, and 
the annulus was filled with drilling mud 
weighing approximately 10 lb per gal. 
The economic success of this system, of 
course, depends on the life of the plastic 
coating, but almost complete protection 
against serious casing failures is obtain- 
ed. If at some later time chemical has to 
be injected, the tubing can be perforated 
in place, and injection can be started, or 
some other means of injecting chemical 
might be tried. 

Another system that has been con- 
sidered, but has not been used at Katy, 
utilizes two strings of pipe installed con- 
centrically inside the oil-string casing, 
complete with suitable packers. Mud 
would be left between the casing and the 
intermediate string, and chemical could 
be injected either into the innermost or 
the intermediate string while production 
is taken from the other. Such settings 
give the maximum protection against cas- 
ing failures, but cost more. A rather ef- 
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Middle—tType 1 plastic has failed. 
Bottom—tType 2 plastic staying intact. 


FIG. 12, Charts from internal caliper surveys in three oil 
wells indicating condition of bare and plastic-coated pipe. 


fective inhibitor is necessary to justify 
the expense of the two large-diameter 
strings if the innermost string is used 
for the production tubing. If the inter- 
mediate string is as large as possible and 
is used as the production string, and if 
chemical is injected by means of a mac- 
aroni string, the hazard of fishing jobs 
for parted macaroni strings is a disad- 
vantage. 


In the foregoing discussion it is as- 
sumed that all tubular goods are ferrous 
material. All types of materials have 
been considered for tubing service in 
condensate wells and, with the excep- 
tion of plastic-coated steel, no material 
appears to be economical—and this 
means glass linings, metallic linings and 
coatings, and alloys having adequate 
physical and chemical properties. Steel 
coated with the present semi-proven plas- 
tics costs approximately twice as much 
as uncoated steel. In cases when tubing 
fails in three to four years, such coatings 
can be justified if they extend the life of 
tubing only one year, because the cost 
of the replaced tubing is usually 25 to 
30 per cent of the cost of the workover. 
The overall economics involved, insofar 
as tubing corrosion is concerned, is that 
a material costing approximately five 
times that of mild steels can often be 
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justified if it will give trouble-free serv- 
ice for 10 to 12 years. 


@ Economic aspects of corrosion con- 
trol. The estimated average annual loss 
due to corrosion in the Katy field is 
$200,000. About 75 per cent of this is 
for the periodic replacement of tubing, 
whereas the remainder is for inspecting 
and replacing other equipment. This 
estimate assumes that the casing has not 
been damaged sufficiently to cause early 
casing failures. The corrosion losses esti- 
mated previously herein would become 
secondary if one or more wells were to 
blow out and result in wild wells and 
loss of reserves. Also, if only a tubing- 
replacement program is followed in the 
future, i.e., no corrosion prevention is 
practiced—the damage resulting from 
frequent reworking of wells would in- 
crease the annual losses by such things 
as bad luck with fishing jobs, further 
damage to casing, and possible damage 
to the formation by mud and water. 


Plastic coatings are not proved prod- 
uct, but success to date indicates that 
they deserve careful consideration. At 
Katy, for example, all the tubing in pro- 
ducing wells can be coated for about 
$140,000, or about the same amount as 
the estimated average annual workover 
expense due to tubing corrosion. Should 
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Plan with 
Peerless! 


Peerless Centrifugal Pumps 
(formerly Dayton-Dowd) iE 
Meet extensive, continuous-duty tM 
pumping requirements in all In- 
dustries and Municipalities desiring ad- 
vanced pump design, reduced operating cost 
and high pump efficiency. 





Type DS CENTRIFUGAL PUMPS 
For Chemical, Oil, Food Processing, etc. 
Capacities: Up to 600 G. P. M. Heads to 230ft. 





ooeennennencnt 
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Type XT TURBINE (Vane) PUMPS 


For Butane-Propane, Generaland Process Work. 
Capacities: Up to 150 G. P.M. For high heads. 


a 





Type A CENTRIFUGAL PUMPS 


For General Services-Maximum efficiencies. 
Capacities: Up to 60,000 G.P.M. Sizes: 2” to 42”. 


Biss 





Type B BOILER FEED PUMPS 


For High Pressuresin Refinery, Pipe Line and 
Boiler Feed Services. Pressures up to 7001bs. 





Type AF FIRE PUMPS 
(formerly Dayton-Dowd ) 


Underwriters Approved. Capacities 500 to 2000 
G. P.M. One of a Variety of Peerless Fire Pumps. 


Basia saa 





PEERLESS Pump Division manufactures an’ 
extensive line of high quality centrifugal 
pumps for usual or unusual pumping appli- 
cations. The Peerless staff of highly trained 
engineers or field representatives will gladly 
assist you in prescribing the proper pump 
for yeur specific application. If you are con- 
sidering a pump installation demanding 
long range, trouble-free service, then Plan 
With Peerless—It will pay! 


PEERLESS PUMP DIVISION 
FOOD MACHINERY CORPORATION 

Factories: Los Angeles 31, Caliturma; Quincy, 
Illinois; Indianapolis, Ind. 
District Offices: Canton 2, Ohio; Philadelphia: 
Suburban Square, Ardmore, Pa.; Atlanta: Rut- 
land Bldg., Decatur, Ga.; Dallas 1, Texas; Los 
Angeles 31, Calif. 
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the coatings extend the life of tubing 
only one year, they will pay out in com- 
parison with using bare tubing and no 
corrosion protection. If plastic coatings 
will extend the average life of tubing five 
years, the use of coated pipe will prob- 
ably prove to be the most satisfactory 
method of handling the subsurface prob- 
lem. It would not solve the corrosion 
problem in entire wellhead assemblies 
because of erosion in choke assemblies, 
nor does it eliminate the need for prob- 
able chemical protection in the gather- 
ing system. The best advantage that plas- 
tic-coated tubing has to offer is that the 
tubing can be packed off to obtain pro- 
tection against casing failures while a 
reasonable protection against corrosion 
is obtained. The monetary value of this 
safety precaution is difficult to estimate 
at the present time. 

The successful use to date of soda ash 
as a neutralizing agent makes it appear 
to be a practical solution to most of the 
problems in this field. The relatively 
small amount of neutralizing agent re- 
quired could not have been predicted 
from laboratory tests two years ago. It 
is estimated that soda ash, when used in 
all wells, will reduce the average annual 
corrosion expense to about $50.000. Its 
principal disadvantages are: First. the 
need for constant attention and checking, 
and, second. the fact that either the cas- 
ing or an additional string of tubing is 
needed to convey chemical to the lower 
part of the tubing. The chemical itself 
will cost about $8000, whereas the re- 
mainder is chargeable to: 1, expense of 
applying; 2, checking results obtained, 
and, 3, losses not prevented. Some type 
of chemical] treatment appears desirable 
in the gathering system, and the soda ash 
injected for subsurface protection also 


fills this need. 


Other more expensive chemicals may 
prove as economical as soda ash—par- 
ticularly if they are found and applied in 
those wells that at present are scheduled 
for workover jobs so as to postpone or 
eliminate those workovers. 


The amount of future corrosion losses 
cannot be estimated too accurately be- 
cause of lack of complete knowledge of 
the condition of casing in the wells, and 
because the change to the program of 


‘producing only through the tubing will 


alter the corrosion rate in the tubing, 
well heads. and gathering system. It is 
believed that some casing failures will 
occur in the next few years. This will 
require the installation of liners in affect- 
ed wells. and will result in reduced flow 
capacities. Some additional wells will be 
required. the cost of which will be 
chargeable to corrosion. The higher rate 
of flow through tubing will probably in- 
crease tubing corrosion. The lowering 
of the pressure in the gathering system, 
amounting to about 325 psi. wil] prob- 
ably reduce the corrosion in the well- 
heads and gathering system, so that it 
will become a minor problem or it will 
reduce the amount of chemical required 
to prevent corrosion. 


@ Conclusion. Corrosion encountered 
at Katy is typical of that found in many 
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condensate fields. Experience in that 
field will aid in minimizing corrosion 
losses in other fields. 

Two methods of preventing corrosion, 
viz., 1, use of plastic-coated steel and, 2, 
use of neutralizing agent, appear to be 
useful for reducing the corrosion ex- 
pense at Katy. The chemicals tried as 
inhibitors have not been satisfactory. 
Other chemicals are being tried in in- 
dividual wells. 

Research work has aided materially as 
a background for full-scale field experi- 
ments. Considerably more research is re- 
quired to obtain a better understanding 
of phenomena observed in the field. Con- 
tinued research is needed to cope with 
continuously changing conditions in con- 
densate fields and to correlate more 
closely field tests with laboratory tests. 

Continued support should be given to 
the NACE high-pressure well-corrosion 
committee in an effort to hasten the sys- 
tematic testing of alloys in condensate- 
well service. 

Operators should expect corrosion in 
condensate fields. and should take corro- 
sion into account when develoning new 
fields or when reworking old fields. 

Inspections made early in the life of a 
field would result in equipping wells so 
that corrosion control is faciliteted, and 
will reduce corrosion losses. The newer 
tools—such as caliper surveys and rad- 
ium inspections—allow rapid, accurate 
determinations to supplement visual in- 
spections and water analyses. 

In fields where corrosion is found, 
early field trials of promising methods 
should be made rather than waiting until 
all of the questions are answered by lab- 
oratory studies. 

Keeping equipment in a safe operating 
condition is considered more important 
than the monetary losses due to corro- 
sion in condensate fields. 
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Use of explosives in secondary recovery* 


@ Abstract. This paper discusses the 
use of shooting in producing and injec- 
tion wells in water-flooding programs. 
Although the oil sand in all wells is shot 
in the majority of operations, some floods 
have been developed without shooting, 
and are apparently obtaining successful 
results. The question of whether the sand 
should be shot is probably dependent 
upon the sand structure and character- 
istics in individual fields or areas. 


I almost all secondary-recovery devel- 
opments where oil production is obtained 
from sandstone formations, it is common 
practice to shoot the pay strata in both 
the injection and production wells. This 
practice has followed procedure used in 
the early days of the industry when it 
was found that most new wells would 
produce oil at higher rates after being 
shot with nitroglycerin. It is believed 
that the effect of the shot is not only to 
clean the sand face in the well bore but 
also to cause radial fractures from the 
well into the sand body and thus permit 
a more rapid flow of fluid from the sand- 
stone into the well or of water into the 
formation, whichever the case might be. 
Field data and numerous tests substan- 
tiate the fact that, in cases where shoot- 
ing does greatly increase the productivity 
of a producer or the injectivity of an in- 
put well, the result obtained must be by 
way of radial fractures, and not by in- 
crease of hole size alone. In effect, how- 
ever, these fractures appear to give the 
same result as an increase in hole diame- 
ter to as much as 50 ft. 


It must be recognized that even now 
very little is known of what actually hap- 
pens at the bottom of a well when a shot 
goes off. It is known, however, that in 
most casés in a water-flooding develop- 
ment it is desirable and advantageous to 
shoot both the input and output wells in 
order to obtain satisfactory water-injec- 
tion and oil-production rates. Numerous 
field tests in the Bradford field and the 
shallow fields of northeastern Oklahoma 
and eastern Kansas have shown that 
good injection rates can be obtained by 
shooting, whereas without shooting the 
rates will be very low, and certainly far 
too slow for economic flooding. At the 
same time it can be said that the need for 
shooting and the size of the shot may de- 
pend on any one or all of the following: 
Permeability, depth, and characteristics 
of the sandstone itself. 


If permeability of the sand is low as 
in Bradford, shooting—and heavy shoot- 
ing at that—is necessary. Even though 
the depth is sufficient to permit surface 
injection pressures of as high as 1500 





i *Paper presented to Division of Production, 
I'wenty-sixth Annual Meeting of the American 


Petroleum Institute, Chicago, Illinois, Novem- 
ber 12, 1946, 
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By R. C. EARLOUGHER, Earlougher Engineering 


psi to 2000 psi, the sand is so tight (av- 
erage 5 to 10 millidarcys) that, even with 
shot concentrations of as high as 5 qt 
per ft, satisfactory injection rates can- 
not always be obtained. On the other 
hand, if the permeability were a great 
deal higher, it is probable that shooting 
would not be necessary other than for 
the purpose of selective shooting. This 
latter operation consists of shooting 
heavily the sand of lowest permeability 
and that of higher or highest permeabil- 
ity lighter, or not at all, in order to even 
the water-front travel from the well into 
the vertical sand section. At the present 
time water flooding is being carried on 
in some localities—especially North Cen- 
tral Texas, where shooting of even shal- 
low sands is not employed because of the 
fact that the permeability is so high (500 
to 2000 millidarcys)—that inputs will 
take sufficient volumes of water without 
shooting. Neither is selective shooting 
adaptable in many such cases because 
of the extremely thin sand sections and 
non-uniformity of high and low perme- 
ability in the vertical section. 


Selective shooting based on individual 
well cores has now been in use on a rath- 
er wide scale by many operators for six 
to eight years. In most cases where it 
has been used, it has proved advantage- 
ous in increasing economic oil recovery 
and at the same time reducing overall 
“water-injection to produced-oil” ratios. 
Increase in oil recovery, of course, re- 
sults in increased gross income, whereas 
reduction in injected-water to produced- 
oil ratios results in reduced operating 
costs. Unfortunately it is not possible to 
develop the same property and same 
wells first with conventional shooting and 
then do it over again using selective 
shooting in order to get a direct com- 
parison of the two methods. However, by 
comparing adjacent leases—one devel- 
oped in the conventional manner without 
selective shooting, and the second with 
selective shooting—it has been possible 
to obtain fairly reliable conclusions that 
this type of shooting can result in re- 
duced water-oil ratios, increased injec- 
tion rates in wells having abnormally 
tight sand and, in turn, increased eco- 
nomic oil recoveries. In planning a selec- 
tive shot, however, the factor of oil and 
water saturation must be considered in 
addition to permeability. This is espe- 
cially true in old fields where there are a 
number of old abandoned wells, any 
one of which may have been a leaker re- 
sulting in accidental water drives in cer- 
tain areas under a lease. 


The effect of a shot in different wells 
apparently depends to a large extent 
upon the physical characteristics of the 
sandstone itself. This might best be ex- 
emplified by comparison between shoot- 


ing in the Bradford area of Pennsylvania 
and in the shallow-sand area of north- 
eastern Oklahoma and eastern Kansas. 
The Bradford sand is very hard, tight, 
and dense; whereas the Bartlesville sand 
in the shallow fields of the. Mid-Conti- 
nent is somewhat coarser and a little 
softer. Apparently, as a result of this 
difference, shot concentrations in the 
Mid-Continent of about twice the size 
used in Bradford are necessary in order 
to obtain the same increase in water-in- 
jection rates. For example, a sand in 
Bradford having an average permeabil- 
ity of 10 millidarcys might be shot using 
a concentration of 2.5 qt of glycerin per 
ft to obtain a fivefold increase in injec- 
tion rate; whereas a sand of the same 
permeability in eastern Kansas would 
require a concentration of 4 qt per ft to 
obtain a similar increase. Likewise, it 
has been found that some of the deeper 
Bartlesville sand in the Mid-Continent 
will take little more water after shot 
than without shot, especially in areas 
where the sand is cleaner, with smaller 
amounts of shale in the cementing ma- 
terial—and, although quite hard, at the 
same time of a crumbly nature. One op- 
erator! in southeastern Kansas, flooding 
Bartlesville sand at a depth of approxi- 
mately 1000 ft, reports that injection 
wells not shot seem to take water as 
readily under 800 psi surface pump pres- 
sure as those wells that were shot. Sim- 
ilar results have been reported from east 
central Kansas where Bartlesville sand is 
being flooded at depths varying from 
1800 ft to 2800 ft. There are two pos- 
sible explanations for these results. The 
first is that, because of the greater depths, 
higher bottom-hole injection pressures 
can be used to obtain the desired injec- 
tion rate. The second is that it may be 
the sandstone in these cases shatters and 
crumbles when shot, rather than frac- 
turing radially outward from the well 
bore. In by far the majority of cases, 
however, in the more shallow flooding 
operations in the Mid-Continent area, it 
has been rather amply proved that shoot- 
ing is not only desirable, but necessary, if 
satisfactory injection rates are to be ob- 
tained. 


There has also long been a great argu- 
ment between the use of liquid nitro- 
glycerin and solidified. The majority of 
water-flood operators prefer the use of 
liquid—largely in view of their experi- 
ence in the early days of flush produc- 
tion, at which time most of them were of 
the opinion that better results were ob- 
tained with the liquid. Again, however, 
there are those who claim that just as 
satisfactory results, or even better, can 
be obtained with solidified. The correct 





1Marion H. Sekol, Tulsg, Oklahoma, personal 
sonal communication. 
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Here are some of today’s most modern drilling 
rigs—and with them today’s modern power for 
drilling machinery —General Motors Diesel 
engines. 





Because GM Diesels are 2-cycle and deliver 
power at every downstroke, they are lower in 
weight and sensible in size in relation to their 
power. They give smooth, steady power and 
their responsive governors take up a load quickly 
and easily. Add this to their economy and re- 
liability, and it’s easy to understand their wide 
popularity in the oil fields. 








Another feature is the way they can be com- 
pounded. Almost any amount of power can be 
built up. Six-cylinder single engines deliver 138 
B. H. P. continuously at 1800 R. P. M. Two 
“Sixes” are built into the “Twin” producing 276 
B. H. P. and four “Sixes” are available in a National Supply Company, Model 50 rig powered by 
“‘Quad”’ providing 552 continuous B. H.P. at 1800 Pe a er 

R. P. M. Further combinations of these GM 
multiple-engine units provide the highly portable, 
heavy-duty power demanded by modern drilling 
operations. 


Manufacturers of well-drilling machinery know 
| that this kind of flexibility and economy pays off. 





That’s why more and more wells are being 
drilled with General Motors Diesel Power. 


Wilson Mfg. Co. ‘‘Giant’’ rig and 2 GM Twin 6 Diesel engines. 


} DETROIT DIESEL ENGINE DIVISION 


{ SINGLE ENGINES . . Up to 200 H.P 
DETROIT 23, MICH. @ ) MULTIPLE UNITS . . Up to 800 H.P. 


GENERAL MOTOR S 














DIESEL 
DIESEL BRAWN WITHOUT THE BULK POWER 








GENERAL MOTORS CORPORATION 
DIESEL ENGINE SALES, PETROLEUM INDUSTRY; 1504 PHILTOWER BUILDING, TULSA 3, OKLA 
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he Bowser Automatic Well-Check System furnishes an accurate, 
indisputable record of individual well production quantity and 
quality—puts each well on its own merits ... 


@ Eliminates gauge tanks @ Furnishes true proportional sample 





@ Stops evaporation losses @ Provides permanent, indisputable 


@ Reduces pumping and records 


transportation costs @ Accurately records gross production 


@ Minimizes fire hazards 


@ Detects sleepers or wet wells 
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Portachek—the portable 


2 oe 
yr ad Soe A Bowser Well-Check Unit—is 
ov ao a ON used to test the potential pro- 
ee set se pe idee ace \ duction of new wells before 
4 Borer TERT «o> ‘ “ installing permanent Bowser 
a, \ Well-Check Systems. 
4 





Write for complete information on Bowser 
equipment for modern oil fields. 


BOWSER, Ine. 


1329 Creighton Avenue, Fort Wayne 2, Indiana 


LIQUID CONTROL SPECIALISTS SINCE 1885 











answer probably still remains to be 
found. 


Numerous operators have made differ- 
ent tests in trying to prove to their own 
satisfaction which is the best shooting 
medium. In most cases, however, results 
seem to come out in favor of the medium 
that the operator himself most preferred. 
In other words, advocates of solidified 
nitroglycerin have proved to their own 
satisfaction that it does as good a job, 
or better, than the liquid; whereas the 
advocates of liquid have obtained results 
that satisfy them that their choice is pref- 
erable. Again, however, it is believed 
that the use of one or the other may de- 
pend largely upon physical character- 
istics of the sand formation in question. 
For example, an operator? in southeast- 
ern Kansas, who had used solidified ni- 
troglycerin for a number of years, finally 
began using liquid. He has reported that, 
after that change had been made, clean- 
out time and quantity of sand cleaned 
from the shot hole was reduced very ma- 
terially and at the same time higher in- 
jection rates in the input wells resulted. 
Another operator in northeastern Okla- 
homa, who had been a strong advocate 
of solidified began developing a lease 
where the sand was quite tight and hard 
and, after completion of two injection 
wells, found that neither of them would 
take appreciable quantities of water. 
Consequently, the next few wells drilled 
were shot with liquid, and were found 
to take considerably greater quantities 
of water under the same existing surface 
pump pressure. These results were suf- 
ficient evidence for these operators that 
their neighbors had been right, and that 
liquid glycerin in these cases is prefer- 
able to solidfied—although the cost is 
greater. In another field in the Mid-Con- 
tinent, on the other hand, an operator 


found that wells shot with liquid nitro- . 


glycerin required much greater clean- 
out time than those shot with solidified 
nitroglycerin. 


@ Conclusion. In conclusion, it is ap- 
parent that too little is actually known 
regarding the action and effect of shots, 
in either injection or production wells, 
other than the fact that in a large num- 
ber of cases either production or injec- 
tion rates can be materially increased by 
shooting. Beyond that, most conclusions 
are based primarily on theory, with too 
little factual] data to prove or disprove 
the theory. Without question, however, 
there are fields or areas in which shoot- 
ing of the sand sections in the wells is 
absolutely necessary if best results are 
to be obtained; on the other hand, there 
are also other fields or areas where it ap- 
pears that little benefit is to be gained 
by shooting. For those sands that do re- 
spond favorably to shooting, with result- 
ing increases in injectivity or produc- 
tivity rates, it is believed that flooding 
efficiencies can be increased by the use 
of selective or varied shots, dependent 
upon variations in permeability and oil 
and water saturation. 





2R. O. Bankson, Pittsburg, Kans., personal 
communication. xk**« x 
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Use of plastics in consolidating loose sands in wells* 


By R. H. SMITH and A. C. POLK, JR., Dowell Incorporated 


@ Abstract. The physical properties of 
the materials are listed, together with a 
shert explanation of how this material 
binds the sand grains together without 
materially reducing the effective perme- 
ability of the sand. The chemical can be 
used in wells with bottom hole tempera- 
tures ranging from 105 F to more than 
350 F. A description of the equipment re- 
quired and the techniques used for ap- 
plying these plastics to the wells is in- 
cluded. 


@ Introduction. Recovering oi] and gas 
from unconsolidated sand formations of- 
fers one of the most troublesome of all 
production problems. These sands gen- 
erally present no particular trouble while 
drilling is in progress, but after the well 
has been completed and a pressure dif- 
ferential has been established across the 
face of the producing zone, the forma- 
tion begins to “slough” resulting in 
“sanding up” of the well. The term “sand- 
ing up” refers to that condition where 
sufficient volumes of sand have moved 
into the well bore or casing to cause a 
serious reduction or complete halt of all 
flow of oil, water or gas. In rare cases a 
well may produce only a smal] amount 
of sand and still continue to flow or 
pump with the sand being carried to the 


*Presented before American Institute of Min- 
ing and Metallurgical Engineers, Galveston, 
Texas, October 3-5, 1946. Published in AIME 
Petroleum Technology, March, 1947. 


surface in the fluid stream. However, in 
such instances, a costly repair bill may 
be the result, due to the cutting action of 
the sand on surface and pumping equip- 
ment. 

The difficulty of producing petroleum 
from sands that are loosely cemented 
long has been recognized by petroleum 
engineers but only within the last few 
years has any new approach to the prob- 
lem been undertaken. This involves the 
use of plastics that are capable of bond- 
ing the individual sand grains in place 
without materially reducing the effective 
permeability of a formation. The success- 
ful application of plastics for the con- 
solidation of poorly cemented sands is 
relatively recent but it now is being wide- 
ly used in many of the more difficult 
areas on the Gulf Coast of Texas and 
Louisiana. 

This relatively new use of plastics’ in 
the oil fields has been preceded by much 
laboratory and field research on the use 
of various chemicals?* for solving nu- 
merous well completion and work-over 
problems. Plastics now are being used 
successfully to control gas-oil and water- 
oil ratios,*: * in zone isolation, the repair 
of casing: leaks. the elimination of caving 
in cable too] drilling wells*: *, and in the 
setting of liners* and casing.® Sand con- 
solidating plastics are, however, basical- 
ly different from all others in that they 
must not form an impervious seal. 


FIG. 1. Assuming a porosity of 30 per cent, these curves indicate plas- 
tic gallonage requirements for a well with a 7-in. casing. All volumes 
on the curves are “V” nins the easine vobuve af the affaegod caction, 
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@ Field practices. In the past the ap- 
proach to the “sanding up” problem us- 
ually has been the mechanical obstruc- 
tion of the movement of the sand grains; 
however, all such methods are limited in 
that the sand movement is stopped, not 
at its source, but at the bore of the well. 
And, such methods must rely on the use 
of various types of screens and gravel 
packing. 

Although the setting of screens has be- 
come a widely accepted practice, it does 
not always provide the final answer to 
the problem. The best of screens may 
have to be pulled in order to clean them 
of corrosion products, silt, and other for- 
eign materials that lodge in the openings. 
Then, too, screens do not always stop 
the movement of the sand but oftentimes 
serve merely to retard it with the result 
that they are ultimately “cut out.” When 
this occurs an expensive reworking of 
the well usually follows. 


Some operators have improved the sit- 
uation by gravel packing a screen in 
place. This method has proved satisfac- 
tory in a large number of wells, but it 
can be a very costly procedure, and, 
similar to other screen settings, it merely 
relies on the holding back of the sand. 
In the event a gravel packed screen is 
cut out by sand, and they frequently are, 
the result is a rather complicated, expen- 
sive work-over operation. Less common- 
ly used, but often effective, is a hydro- 
packed or prepacked screen that is set 
inside perforated casing across the pro- 
ducing interval. This method generally 
is effective for holding back the sand, but 
in many instances it retards the oil or 
gas production to the extent that the well 
fails to be an economic producer. 


Wells that are completed in the more 
consolidated sands seldom offer any par- 
ticular difficulties due to sanding up un- 
til they begin to produce water. The 
movement of the water through these 
sands dissolves the cementing materials 
that were originally in place, thereby al- 
lowing the movement of the sand grains 
proper, which finally results in the well’s 
sanding up. When water makes its ap- 
pearance in a well, more fluids must be 
produced in order to obtain the daily 
allowable. This increased production 
creates higher fluid velocities through 
the sand grains, and rapid destruction 
of the screens. Once such a condition 
exists, an operator may find it uneco- 
nomical to continue setting screens and 
cleaning out, resulting in the early aban- 
donment of the well. 


@ Properties of plastics. The basic pre- 
requisites for plastics that can be used 
in wells for the consolidation of loose 
sands are that they must penetrate the 
sand at low pressures, possess adequate 
compressive and tensile strength in a 
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FIG. 2. This picture, taken at a well near Houston, shows the 
pump truck with proportioning and plastic transporting tanks. 
The trailer carries motor-driven plastic mixers and plastic pump. 





@ Effect on permeability. Numerous 
studies made in the laboratory in an ef- 
fort to plug a consolidated sand core 
with these plastic materials resulted in a 
permeability reduction in the order of 
only 50 to 70 per cent; however, most of 
the producing sands to which these plas- 
tics have been applied often exhibit per- 
meabilities as high as 2 darcys, in which 
a reduction in permeability of as much 
as 70 per cent would be of no particular 
consequence. Actual field production 
data obtained from wells where friable 
producing formations have been consoli- 
dated with plastic show that the effective 
permeability usually is reduced by no 
more than 10 to 15 per cent. 

As the mechanism of sand consolida- 
tion through the use of plastics relies 
upon a bonding of the individual sand 
grains in the formation, with a related 
loss in permeability, the type of well to 
which this service is applicable clearly 
is indicated. Usually it may be assumed 
that any formation that has a combina- 
tion of an effective reservoir drive plus 
a high permeability may be successfully 
consolidated ; but, as these two factors are 
decreased the possibility of reducing the 
effective permeability of the formation 
beyond the economic limit is increased. 








solid state, and, when solidified, exhibit 
inherent permeability. 





















































There are many plastics forming TABLE 1 
liquids available that are mobile at ordi- 
nary temperatures and are of such a _ 4 Bottom | Producing| Plastic | Maximum 
nature that of themselves they spontane- State Pool Puteing hole iadaeval, oc injection Remarks 
ously undergo polymerization, conden- — a a 3 - 
sation, or association reactions until the . : we 
whole liquid becomes an insoluble, ~ — - 2, oo ene ae 
yas "ei Sag ager — ee Texas Picket Ridge Marginulina 132 4690-4692 75 2200 Com —~ with a. emp 
E : ing. Following plastic, natura 
tures, but when properly treated or sub- =e. 
jected to the temperatures encountered Louisiana | Erath Miocene 165 | 7731-7744] 250 2000 Fouheding 4 prs-suntennd ior 
; ° é ° A to treatment. No sand follow- 
in oil wells, the rate of polymerization, thy emer 
condensation, or association is increased, - 
resulting in the liquid becoming a solid ee - a, | oo hiltcts hae Seeded 
in a relatively short time. The time re- on natural flow. 
q uired for the liquid plastic to make the Texas Cedar Point | Miocene 135 | 4250-4254] 150 2500 | New zone completion. No sand 
transition from a liquid to a solid state trouble following plastic. 
depends, among other factors, upon the Louisiana | N. Crowley Miocene 150 4822-4836 | 250 1000 Producing sand prior to treat- 
nature of the plastic and the tempera- ee See Sie Se Sens 
ture to which it is subjected. cs 
The plastic materials used in sand con-. Louisiana | Leeville Miocene 180 7770-7805 330 2400 ee my conte 
solidation are true fluids with chemical ee 
and physical properties similar to those 7 an | ee) iS eee ee 
exhibited by the plastics used in other a per- 
oil well remedial work. However, the sesh tmaet 
sand consolidating materials are unique Texas Lefever Cole 110 1759-1763 | 150 200 Sanded up. After treatment, 
, | h Lanai flui pumping 40 bb! per day. 
in that when changing from a fluid to a 
solid state they become more dense. This Louisiana | Delta Farms | Frio 160 6929-6932 110 1500 No sand troubles following 
° ; plastic application. 
decrease in volume results in the devel- 
opment of permeability within the plastic Texas Wade City McNeil 160 4890-4906 100 1000 Producing at treat- 
fil d f h + ee Th 1 x ment, pipe line oil after. 
niled pores of the san y. Lhe plastic ; 3 TE aE 
ig chemically inert under the conditions Texas Barbers Hill | Oligocene 145 4055-4085 |. 225 1250 Rredusiog vive et mt 
found in wells, has a specific gravity of . : F 
be 4 .. exas erce Jct. no é olowing treatment, p uc- 
0.96, a viscosity of approximately 15 7 cio . - ee, | oe ech bbl daily, a 
centapoises, and a surface tension of 36 . : ; “sae 
dynes. It is thermo-setting and can be Texas Barbers Hill | Oligocene 135 | 4055-4085 | 222 1200 144 ty | Begucte wie 
ad ° - no san ficulties, tollowin, 
successfully applied to wells whose bot- plastic. 
tom hole temperatures range from 105 F Texas Barbers Hill | Oligocene 112 | 4260-4290] 200 1250 | Producing 155 bbl daily follow- 
to 350 F. The compressive and tensile ang Westen, ne ene. 
strength of this plastic material com- Texas Freer Cole 107 | 1722-1726] 100 200 | 60 bbl per day pumping, no 


pares favorably with that of the ones 











used in other oilwell remedial work. 











sand trouble following plastic. 
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This gas engine, the J. I. Case model DE, is 
typical of thousands of ENSIGN equipped 
engines in service throughout the world today. 


For oil well pumping service ENSIGN carbure- 
tors and fuel regulators function together as a 
single unit to assure long, uninterrupted engine 
operation. Air-fuel mixtures are accurately con- 
trolled in proper proportion for smooth, power- 
ful and economical combustion under all engine 
conditions. 





ENSIGN offers the finest in gas carburetion for 
all makes and sizes of engines used in the oil 
field. Let us share with you the experience we 
have gained in this specialized field during the 
past 36 years. 


a Carburetion equipment on the CASE gas engine at 
left consists of the ENSIGN model “‘Kgni"’ updraft 


combination natural gas and wet fuel carburetor in 
conjunction with the ENSIGN model ‘‘B"’ Fuel Regulator. 


A a 


CARBURETOR COMPANY 


7010 SOUTH ALAMEDA ST., P.O. BOX 229 
HUNTINGTON PARK, CALIFORNIA 


| tke lalaaMaclalela® 2330 West S8th Street Chicago 36. Illinois 


DEALERS AND DISTRIBUTORS 


i. ee, oe Gee 2 ae Ge -  G @ ee 2 
“Kgnl” Carburetor with “B”’ Regulator 
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@ Basic prerequisites. Although the 
foregoing considerations are of primary 
importance, there are various other fac- 
tors that play an important part in the 
successful application of sand consoli- 
dating plastics. Among these are bottom 
hole pressure and temperature, water-oil 
and gas-oil ratios, type of reservoir con- 
trol, producing status, size of hole. pro- 
duction history, and type of completion. 
An analysis of these items will determine 
the technique of application, the volume 
of material required and, to some degree, 
predict the ultimate result. Due to the 
inherent chemical properties of the plas- 
tics suitable catalysts are required to 
control their setting time, the selection 


and amount of which is determined by 
the bottom hole temperature of the well. 
If follows, therefore, that fairly accurate 
bottom hole temperature determinations 
must be made. The bottom hole tempera- 
ture range for the plastics and catalysts 
now available is from 105 F to more than 
350 F. 

When wells that have produced large 
quantities of sand are considered for 
treatment it is highly important that the 
producing interval be squeezed with a 
material that will lend competence to the 
formation immediately adjacent to the 
well bore or casing. Such operation is 
required because it is believed that, in 
wells of this type, the formation in the 








IT’S HERE 





Y2BOPL 
SHALE SEPARATOR 
AND SAMPLE MACHINE 


EFFICIENTLY HANDLES THE 





POWER WHEEL 


it is now lighter, stronger, 
and more efficient. Slight- 


est pressure of fluid puts 
the Thompson machine in 


operation. 


FLOW OF MUD FROM 
LARGEST PUMPS NOW 
IN OPERATION 


The new Thompson “DW” Model is the ideal 
mud conditioner for your larger operations. Its 


capacity has been increased to the extent that it 
will handle the mud and pressure from largest 
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KEEPS DRILLING MUD CLEAN — PROVIDES TRUE SAMPLES OF CUTTINGS 


mud pumps now in operation. The Power Wheel 
has been redesigned and increased in size for 
greater efficiency. 


This new model is Self-Motivated, a feature 
pioneered by Thompson—operates entirely from 
the flow of mud. The sample Machine is standard 
equipment, unless otherwise specified...It’s the 
field-tested method of providing accurate samples 
of foot by foot cuttings. 


Your order can be filled promptly, so place it now! 


THOMPSON TOOL CO. 


IOWA PARK, TEXAS 








critical area is in a semi-fluid state, and, 
before sand consolidation plastic can be 
applied successfully, the formation in 
the area near the well bore must be 
treated with a material that will give it 
the required rigidity. Following this step, 
the reinforced sand may be gun perforat- 
ed over the desired interval and the sand 
consolidating plastic applied to the for- 
mation through the gun perforations. 
Another fundamental requisite for the 
success of any sand consolidating appli- 
cation is the absolute isolation of the 
affected zone. The lack of a proper bond 
between the casing and the formation 
will permit the fluid plastic to travel 
along the side of the pipe rather than to 
flow laterally into the desired producing 
formation. In order to emphasize these 
two basic requisites, each of which are 
dependent upon well conditions, it 
should be noted that in every instance 
where this procedure has been followed, 
the sand consolidation with plastic has 
been successful. 


There is an idea generally prevalent 
that if a sand sloughs, moves into a well 
and is actually produced with the fluid, 
a cavity is created adjacent to the well 
bore that is proportionate in size to the 
volume of sand removed. If this were true 
it would follow that large volumes of 
plastic would be required to consolidate 
the sand in a given production interval. 
Experience has shown, however, that if a 
sand, whether oil productive or not, lacks 
sufficient bonding materia] to make it 
competent under normal producing con- 
ditions, then it is noncompetent through- 
out the entire reservoir. Consequently. 
when a sand adjacent to a well is pro- 
duced it follows that more sand moves in 
to fill the vacated space, in a fashion 
similar to the movement of a fluid. Field 
data indicate that these so-called “cavi- 
ties” do not exist. This is proved essen- 
tially by the fact that abnormal quanti- 
ties of materials are not required to con- 
solidate effectively a given productive in- 
terval. It is true, therefore. that even 
though a considerable quantity of sand 
has been removed, effective consolida- 
tion of the formation can be obtained. 


The amount of sand consolidation 

plastic required for any job can be cal- 
culated readily if the diameter of the 
well bore, the desired depth of plastic 
penetration, the average porosity, and 
the thickness of the producing section 
are known. The formula for making such 
calculations is given in Fig. 1 along with 
data on the amount of plastic required 
for 10, 20, and 30 in. penetration over 
production intervals from 0 to 25 ft. 
@ Methods of application. In wells 
where the casing has been set and ce- 
mented in place on top of the sand, with 
a screen set through the sand, the cus- 
tomary practice is either to remove or to 
gun perforate the screen before apply- 
ing the plastic. 

The actual operation of injecting sand 
consolidation plastic into a formation 
is accomplished by the squeeze tech- 
nique.'° 

In this method certain procedures are 
used to obtain uniform distribution of 
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ON ALL HEAVY WORK 
ALL YEAR ‘RO 


FWD 





rW four-wheel drive and six-wheel- 
| drive trucks, engineered specially 
for heavy-duty oil-field operations, today are 
important factors in making jobs simpler, 
faster, safer, less costly. Portable drill rigs, 
heavy derricks, huge tanks, are mounted by 
the hundreds on rugged, dependable FWDs 


...the trucks that DO MORE WORK « The 
FWD shown abeve with a 75-barrel tank, 
transports oil-base and water-base drilling 
mud. Under toughest conditions, FW Ds keep 


going strong. They have proved they are the 
right trucks on all heavy work, all year round. 
See the nearest FWD Distributor or write to 





THE FOUR WHEEL DRIVE AUTO COMPANY, Clintonville, Wisconsin 
Canadian Factory: KITCHENER, ONTARIO 


This FWD, with a heavy tank trailer, is 
treating a road with crude oil saturated 
with drilling mud. Building and maintain- 


ing roads is just one of many heavy-duty 
jobs FWDs do well. 


America’s Foremost 
Heavy-Duty Truck 





THE PETROLEUM ENGINEER, Reference Annual, 1947 181 





the plastic across the completion inter- 

val. These include a special plug land- 
ing tool to control the placing of the 
plastic, a drillable or retrievable retainer 
to accomplish the “squeeze,” and a pre- 
determined length of perforated plastic 
or drillable metal tailpipe below the re- 
tainer. The tailpipe is used below the 
retainer to insure even distribution of 
the injected fluid over the completion 
interval. 

After this assembly is in place in the 
well, oil is pumped into the tubing in 
sufficient volume to displace the mud or 
other fluids from the tubing and from 
the casing, below the retainer. The re- 
tainer then is set and a feeding rate into 


the formation is established with oil. This 
is followed by the squeezing of the plas- 
tic into the formation. After the required 
setting time of the plastic has elapsed 
the remaining plastic plug is drilled out, 
usually with a rock bit on a string of 
tubing, and the well is put on production. 

If a retrievable retainer is used it is 
set well above the perforated section to 
assure its removal following completion 
of the plastic application. Where a drill- 
able retainer is used the tubing is 
backed-off and pulled from the well and 
both the retainer and tail pipe are drilled 
out at the same time as the hardened 
plastic plug. 

The surface equipment that is used in 
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SPANG TUBING SPEAR 


(Fig. F533) 


SPANG TRAP SOCKET 
(Fig. F538) 


FOR FISHING TUBING Spang offers a 
variety of tools, including Combination- 
Type Tubing Socket, Slip-Type Tubing 
Socket with mandrel, Cherry Picker, 
Spang Alligator-Style Grab, Tubing 
Spears in a variety of types, and the Spang 
Trap Slip Socket (Ill.) which has a unique 
slip arrangement enabling it to catch tub- 
ing or slivers in almost any condition. 


For the best in Cable Tools, 


SPECIFY SPANG 


SPANG & CO. 


BUTLER, PA. 


SELLS SPANG TOOLS 








this work has been designed and built 
especially for the preparation and ap- 
plication of the various plastics to wells. 

A large tandem drive truck carrying a 
motor-driven high pressure, high volume 
pump, also proportioning and plastic 
tanks, is used in conjunction with a large 
four-wheel trailer on which is mounted 
two 300-gal motor-driven plastic mixers 
and a specially designed triplex plastic 
pump. This type of equipment is illus- 
trated in Fig. 2. 

The triplex pump on the truck is used 

for circulating, determining formation 
injection rates, displacing the plastic 
from the tubing, and squeezing it into 
the formation. The mixers are required 
for necessary, thorough blending of the 
plastic and catalysts. The pump on the 
trailer unit is used to discharge the fin- 
ished plastic from the mixers into the 
tubing. 
@ Summary of results. Since the in- 
troduction of the service over 150 wells 
have been given treatments with this 
type of plastic. Generally speaking, the 
results obtained have been encouraging 
and, in the main, quite succesful. It is 
estimated that more than 80 per cent of 
all the treatments made to date are suc- 
cessful. 

Table 1 contains pertinent data on 16 
wells, typical of the results obtained in 
recent months. The wells cover a wide 
range of formations, temperatures, 
depths, and thicknesses of producing in- 
tervals. The temperatures vary between 
110 F and 180 F with an average of 150 
F; the thickness of the producing in- 
tervals range from 2 ft to 60 ft, with the 
average 15.5 ft; the plastic gallonage 
averages 165 gal per well, with the maxi- 
-_ being 330 gal and the minimum 75 
ga 

Most of the treatments to date have 
been made on wells where the produc- 
ing zones did not exceed 5000 ft in depth, 
although some sands have been consoli- 
dated at depths less than 2000 ft and 
others at depths exceeding 9000 ft. The 
pressures required to inject the plastic 
into these sands have not been high when 
compared to those pressures that fre- 
quently are encountered in squeeze ce- 
menting. Referring again to the table, 
the highest pressure encountered in this 
group of wells was 2500 psi, with the 
average for the tabulation being 1325 psi. 
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Isomerization of light hydrorarbons* 


By STEPHEN F. PERRY, Standard Oil Development Company 


@ Abstract. This paper describes proc- 
esses for the conversion of normal bu- 
tane to isobutane and of normal pentane 
to isopentane, which were developed co- 
operatively by the Anglo-Iranian Oil 
Company and the Standard Oil Develop- 
ment Company. The essential features of 
both processes include: (1) the use of a 
highly selective solid catalyst, namely, 
AICI], adsorbed on bauxite, and (2) a 
technique for maintaining the activity of 
the catalyst by the introduction of fresh 
AIC1, along with the feed. 

Butane isomerization plants utilizing 
the process described in this paper have 
been built in sizes ranging from 600 to 
3600 bbl of isobutane per day, the com- 
bined capacity amounting to about 
25,000 bbl per day. A typical plant is 
described in detail. Several of the plants 
were constructed almost entirely from 
existing equipment, with a substantial 
saving in time and critical materials, 
when the war time need for isobutane 
was most pressing. Plant performance 
data and the major operating difficulties 
encountered and overcome are discussed. 


Ix general, paraffins of branched-chain 
structure have better anti-knock proper- 
ties than the corresponding straight- 
chain or normal paraffins and are superi- 
or fuels for use in internal-combustion 
engines. The trend toward more efficient, 
high compression engines that require 
higher octane fuels has placed a premi- 
um on the production of branched chain 
or isoparaffins. This paper describes cat- 
alytic processes for the conversion of 
normal butane to isobutane and of nor- 
mal pentane to isopentane, which were 
developed cooperatively by the Anglo- 
Iranian Oi] Company and the Standard 
Oil Development Company. Isopentane 
is an excellent gasoline component, hav- 
ing an octane rating of 90 (ASTM motor 
method) as compared with 62 for normal 
pentane; isobutane, although of limited 
value as such due to its high volatility, 
is required in the alkylation process for 
the manufacture of highly branched par- 
afins of higher molecular weight (C,- 
C,) for aviation fuel. The butane isomer- 
ization process has been applied on a 
large scale and commercial operations 
are discussed. 

@ Process development. It had been 
known for some years that aluminum 
chloride was capable of catalyzing the 
conversion of normal or straight-chain 
paraffins to branched paraffins. This cata- 
lyst also initiates cracking and polymeri- 
zation, however, and in contact with hy- 
drocarbons under isomerization condi- 
tions may be converted from a granular 





*Presented at the regional meeting of the 
American Institute of Chemical Engineers, Gale 
veston, Texas, March, 1946. Published in A/ChE 
Trunsuctions, Vol. 42, No. 4, August 25, 1946. 


solid into a liquid AIC1,-hydrocarbon 
complex or sludge that is highly corro- 
sive to steel equipment. Other properties 
of AIC], that appeared to be unfavorable 
for the development of an operable iso- 
merization process are (1) its appreci- 
able solubility in liquid hydrocarbons 
and (2) its appreciable vapor-pressure 
even at temperatures considerably be- 
low its sublimation point. These prop- 
erties would result normally in the loss 
of catalyst from the reactor and its ac- 
cumulation in subsequent processing 
equipment with deleterious effects. The 
object of the development work was to 
overcome or avoid these difficulties and 
thus to obtain an operable continuous 
process. 

Butane isomerization. The first com- 
mercial plant for the conversion of nor- 
mal] butane to isobutane was one that was 
designed by engineers of the Standard 
Oi] Development Company, and placed 
in operation by the Nederlandsche Ko- 
loniale Petroleum Maatschappij (a sub- 
sidiary of the Standard-Vacuum Oil 
Company) in their Palembang, Sumatra 
(N.E.L.), refinery in 1940. This plant 
employed a slurry of AICI, in liquid bu- 
tane as the catalyst, with anhyd. hydro- 
gen chloride (HCl) as catalyst promot- 
er. Although design production of iso- 
butane was reached, mechanical difficul- 
ties associated with the handling of the 
catalyst and promoter were troublesome 
and low catalyst life was obtained. The 
experimental operation of this plant led 
to further investigation in laboratory and 


pilot plant equipment, and a greatly im- 
proved process, which is now in wide- 
spread use, was the result. The improved 
process was developed through the co- 
operative efforts of the technical staffs 
of the Anglo-Iranian Oil Company, and 
the Standard Oil Development Company, 
and is commonly referred to as the 
“Anglo-Jersey” process. 

In the revised process vapor-phase 
conditions are employed using AIC1, ad- 
sorbed on bauxite as the catalyst. An im- 
portant feature of the improved process 
is a technique for adding aluminum 
chloride to the reactor by sublimation 
into the butane feed and adsorption on 
Porocel (a low iron-content bauxite), 
thereby making it possible to maintain 
the aluminum chloride concentration on 
the Porocel within an optimum range 
and to extend the use of a single charge 
of the Porocel almost indefinitely. Be- 
sides providing a relatively large surface 
for the aluminum chloride which results 
in a highly active catalyst, the retentive 
characteristics of the adsorbent make it 
possible to operate at vapor-phase con- 
ditions under which aluminum chloride 
would normally have a substantial vapor 
pressure, with very slight loss of alumi- 
num chloride from the reactor. Disper- 
sion of the aluminum chloride on the 
carrier also prevents its degradation to 
sludge, which would otherwise occur 
under the operating conditions em- 
ployed. The volatility characteristics of 
AICI. thus have been converted from a 
liability into an asset. 






































FIG. 1. Pentane isomerization with ALCL, on Porocel catalyst. 
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TABLE 1. 


Process Data—Pentane Isomerization 





Feed—n-pentane (dry, well-fractionated, olefin-free) + 0.2. 


vol. per cent benzene. 
Catalyst—AlCl; on Porocel. 
Reactor conditions: 
Temperature—200F. 
Pressure—250 psig. 
Feed rate—1.0 v/v/hr.* 
HCl concentration—1.0 wt per cent (2.0 mole per cent) 
based on feed. 
Hs concentration—1.0 mole per cent based on feed. 
Results 
Isopentane yield—60 per cent. 
ret ey, et Spe cent. 
Catalyst life—120 gal i—Cs/lb AICI. 
—18-+- gal i—Cs/lb Porocel. 
*Volumes liquid hydrocarbon feed/vol. Porocel/hr. 








The process development work was 
carried out in laboratory and pilot plant 
equipment ranging in capacity up to 
about 2 gal an hr feed rate. The largest 
pilot unit was designed to simulate the 
proposed commercial operation as close- 
ly as possible and included means of 
recovering and recirculating hydrogen 
chloride (the catalyst promoter) as in 
commercial operation. A more detailed 
description of the process is given with 
the discussion of its commercial appli- 
cation in a later section of this paper. 


Pentane isomerization. Following the 
development of the Anglo-Jersey butane 
isomerization process, attempts were 
made to apply the same catalyst and 
operating technique to the isomerization 
of normal pentane. Poor results were ob- 
tained at first; side reactions (chiefly the 
formation of isobutane and 2-methy] pen- 
tane) predominated and the AICI, was 
degraded quickly to a sludge or lost its 
activity. A highly selective, sludge-free 
isomerization process was developed, 
however, by using aluminum chloride on 
Porocel under milder, liquid-phase con- 
ditions and by the addition of a small, 
carefully controlled amount of benzene 
to the feed. The effectiveness of benzene 
as an inhibitor of side reactions, and the 
critical nature of the benzene concentra- 
tion are illustrated in Fig. 1. It will be 
observed that the addition of 0.2 vol per 
cent benzene to the feed raises the selec- 
tivity,* from about 30 per cent to 99-100 
per cent. The optimum benzene concen- 
tration is close to 0.2 per cent, larger 
amounts causing reduced conversion and 
catalyst life although selectivity remains 
high. Incidentally, it was found that no 
appreciable consumption of the benzene 
occurs. 

Typical operating conditions and re- 
sults of the Jersey pentane isomerization 
process are summarized in Table 1. 

The reactor is charged with Porocel, 
and AICl, is added, by solution in the 
feed and adsorption on the Porocel, as 
required to establish and maintain cata- 
lyst activity. The operating conditions 
are such that the reactor contents are 
entirely in liquid phase. Feed rates lower 
than 1.0 v/v/hr may be employed if de- 
sired, with some saving in catalyst con- 
sumption. An HC] concentration of 1.0 
weight per cent is about optimum, with 


tper cent selectivity — 
‘ _isopentane produced 


n-pentane consumed % 100 
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lower HC] contents reducing catalyst 
activity and life and higher concentra- 
tions tending to impair the selectivity of 
the operation. A hydrogen concentration 
of 1.0 mole per cent was chosen largely 
because this amount can be dissolved in 
the feed stock at a reasonable pressure 
and recycled conveniently along with the 
HC]. Considerably lower catalyst activity 
and life are obtained if the hydrogen is 
omitted. 


Conversion may be controlled by ad- 
justing feed rate and temperature, within 
suitable limits, and by the AICI, input. 
It is preferred to maintain the active 
AICl, content of the catalyst relatively 
constant so as to minimize the necessity 
for changing the operating conditions. 
This may be done either by making 
small, frequent additions of AICI, or by 
continuous addition of AIC], to the reac- 
tor at a controlled rate. 

Although the solubility of AICl, in 
liquid pentane at the reactor conditions 
(200 F) is approximately 0.8 weight per 
cent, the loss of AICI, from the reactor 
by solution is very much lower, normally 
of the order of 0.01 weight per cent due 
to the adsorptivity of the Porocel. 


A simplified flow plan for the process 
is presented as Fig. 2. The n-pentane 
feed is pumped through a heater to the 
reactor, with a controlled amount going 
through an AICI, pickup drum. The re- 
actor effluent (normally about 60 per 
cent isopentane) flows to a disengaging 
drum, where any undissolved gas is re- 
leased, and is then pumped to the strip- 
per, in which a stream rich in HCl and 
hydrogen is taken overhead. The bottoms 
product is released to a cooler, caustic 
wash, and fractionation facilities. In the 
flow plan shown the recycle HC] and hy- 
drogen are introduced at the reactor 
inlet and the lower part of the reactor 
is utilized as an absorber. Alternatively, 
a separate absorber vessel may be em- 
ployed. 


@ Commercial application—butane 
isomerization. The development of the 





TABLE 2. 
Process Data—Butane Isomerization 
Temperature—250-300F. 
Pressure—200-250 


re— psi. 

Feed rate—0.5-1.0 v/v/hr.* 

HCI concentration—6 wt per cent based on feed. 
Conversion—40-50 per cent. 

Selectivity t—95 per cent. 

Catalyst life—180 gal i—C,/Ib AICls 


— 60 gal i—c4/lb Porocel 
*Volumes liquid hydrocarbon feed/vol. Porocel/hr. 
Isobutane produced “ 





n-butane consumed 








alkylation process, which utilizes isobu- 
tane together with olefins to produce high 
octane gasoline, and the wartime demand 
for enormous quantities of aviation gaso- 
line resulted in a rapid large-scale ap- 
plication of the Anglo-Jersey butane iso- 
merization process. The first commercial 
plant to use the process was built by the 
Humble Oil and Refining Company, at 
Baytown, Texas, and started operation 
in October, 1942. Designed to produce 
1200 bbl per day of isobutane, the out- 
put of this plant was subsequently more 
than doubled. Complete information on 
plant design and operating technique 
was distributed to other petroleum re- 
finers through the Aviation Gasoline Ad- 
visory Committee of the Petroleum Ad- 
ministration for War, with the result that 
a total of twelve plants (eight not affili- 
ated with the developers of the process) , 
having a combined capacity of about 
25,000 bbl per day of isobutane, were 
using the process during the latter part 
of the war. 

Description of a typical plant. A sim- 
plified flow plan of a typical butane-iso- 
merization plant, designed by the Stand- 
ard Oil Development Company and con- 
structed and operated by Lago Oil and 
Transport Company, Ltd., at Aruba, 
N.W.L, is given in Fig. 3. Normal butane 
feed from storage flows through a drier 
containing calcium chloride. The dried 
butane is vaporized and superheated to 
the desired temperature and flows to the 
reactor, which is charged with substan- 













































FIG. 2. Simplified flow plan. Jersey pentane isomerization process. 
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tially dehydrated, low iron-content 
bauxite (Porocel). A controlled portion 
of the superheated vapors may pass 
through a vessel charged with aluminum 
chloride prior to entering the reactor. 
Aluminum chloride thus is vaporized and 
fed into the reactor as required and is 
adsorbed on the Porocel. This technique 
maintains the catalyst in a relatively uni- 
form and high state of activity and al- 
lows continuous operation for periods of 
time extending up to several months. An- 
hyd. hydrogen chloride, which is em- 
ployed as a catalyst promoter, is com- 
bined with the incoming feed near the 
reactor inlet. Typical reactor conditions 
and results are shown in Table 2. 


The vapors leaving the reactor are 
condensed and cooled and flow to an ac- 
cumulator drum. Any uncondensed gas 
may be released at this point. The liquid 
is pumped to the hydrogen chloride strip- 
per, a conventional 20-plate fractionat- 
ing tower in which a vapor stream rich 
in HC] is taken overhead for recircula- 
tion. The bottoms from this tower flow 
to the caustic wash system for removal 
of any residual HCl and of traces of 
aluminum chloride which may be carried 
from the reactor, and thence to the frac- 
tionating system. The fractionating 
equipment handles the effluent from 
both the isomerization plant and an ad- 
joining alkylation plant, separating iso- 
butane to charge to the alkylation plant, 
normal butane feed for the isomerization 
plant, and alkylate product. 


The entire plant is constructed of car- 
bon steel, and most major vessels and 
other essential items employed were ex- 
isting equipment salvaged or converted 
from other uses. The utilization of exist- 
ing equipment made possible a large sav- 
ing in time, and materials that were 
scarce, at a time when the need for iso- 
butane was critical. 


It was necessary to install facilities 
for manufacturing anhyd. HCl to supply 





the isomerization unit, and the salt- 
sulphuric acid method was selected. (AI- 
ternate methods in use in other isomeri- 
zation plants include the dehydration of 
muriatic acid with sulphuric acid, and 
the combustion of hydrogen with chlo- 
rine, the choice of process depending 
chiefly on the location of the plant with 
respect to raw materials.) The HCl gen- 
erating system was designed to be large 
enough to replace the entire isomeriza- 
tion plant inventory of HC] within three 
to five days if necessary due to losses or 
in starting up, although normal losses 
are comparatively low. Dried salt 
(NaCl) is charged batchwise to the HCl 
generator and 98 per cent sulphuric acid 
added at the rate desired for HCl produc- 
tion. The generator is steam-jacketed 
and is maintained at a temperature of 
175-250 F. A stream of butane vapor is 
introduced at the bottom of the generator 
to effect the removal of HCl as formed 
and to provide agitation. The residue in 
the generator is removed as a slurry 
after an excess of H.SO, has been added. 


HC] leaving the generator is contacted 
countercurrently with 98 per cent sul- 
phuric acid to reduce its moisture con- 
tent to a very low value and the dried 
HCl is then absorbed in a dried and 
chilled light alkylate stream and pumped 
into the isomerization plant. A low-pres- 
sure absorption system was chosen in 
preference to the use of a compressor due 
to difficulties anticipated in the operation 
of a compressor on a concentrated HC] 
gas stream, and in preference to generat- 
ing HCl at the isomerization plant pres- 
sure (200-250 psi) in order to allow the 
use of existing steel equipment for HCl 
generation without undue hazard. 


Operating experience. Although a 
number of operating difficulties were en- 
countered in the initial operation of the 
various plants, service factors above 90 
per cent were generally attained. It had 
been found in the development of the 





F1G. 3. Flow plan. Butane isomerization plant. 
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process that high-purity feed stock was 
essential for best operation, and the puri- 
ty of the feed has proved to be a limiting 
factor in the output of some plants. The 
olefin content of the feed is especially 
critical, concentrations higher than about 
0.01 per cent causing the degradation of 
AICl, to sludge, thus deactivating the 
catalyst and tending to plug the catalyst 
bed. The sludge also is quite corrosive to 
steel. Since the isomerization feed in 
most plants includes normal butane from 
the alkylation process (to which C, ole- 
fins are fed) the possibility of contam- 
inating the feed with olefins is always 
present, but fortunately good alkyla- 
tion plant conditions result in essen- 
tially complete clean-up of olefins, and 
the strict requirement for isomerization 
plant feed can be met. The presence of 
pentanes in the isomerization plant feed 
is also harmful to the catalyst and the 
capacity of the plant fractionating equip- 
ment to produce an essentially pentane- 
free feed (less than 0.5 per cent) is one 
of the limiting factors encountered in 
pushing production above design. Any 
moisture in the feed reacts with alumi- 
num chloride and reduces the life of 
the catalyst, thus placing a premium on 
effective feed-drying. 


The life of the catalyst has varied con- 
siderably depending on feed stock purity 
and the conditions of operation. The pro- 
duction of 150-200 gal isobutane per lb 
AICI, charged may be considered typi- 
cal, but as much as 1000 gal isobutane 
per lb has been obtained under very 
favorable conditions. The life of a charge 
of Porocel has been found to be about 
three months when operating at severe 
conditions and high throughput, while in 
a plant which is limited by factors other 
than the reactor size and operated at 
milder reactor conditions a single charge 
of Porocel has lasted as long as a year. 
During the war all plants were operated 
for maximum production, with catalyst 
life a secondary consideration. 


A very small but appreciable quantity 
of AICI, is carried from the reactor in 
the product stream during normal op- 
erations. The rate of carry-over increases 
as the catalyst base becomes saturated 
with AICI, and its degradation products, 
and is greater at high output conditions 
(high temperature and feed rate). The 
normal rate of carry-over can be toler- 
ated, but excessive carry-over results in 
the deposition of aluminum chloride in 
the product condenser, HC] stripper re- 
boiler and stripper product cooler. Dif- 
ficulty of this nature was reduced by im- 
proved control of the AIC1, input and 
operating conditions, improvement in 
feed quality (to retard deterioration of 
the catalyst bed) and minor changes in 
equipment design. 


It will be noted in the flow plan (Fig. 
3) that several heat exchangers are lo- 
cated where anhyd. HC] is present on 
one side of the heat-exchange tubes and 
water or steam on the other side. As long 
as no leakage occurs, ordinary steel 
tubes do not corrode appreciably, and 
steel is generally used. Any slight leak- 
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age, however, results in the formation of 
aqueous HCl, which causes rapid corro- 
siun and enlarges the leak. The pressure 
is normally kept lower on the aqueous 


| side of the heat exchangers so that any 


leakage will be outward, and the steam 


| or water effluent is checked frequently 


for acidity in order to detect leaks 


| promptly. Generally it has been found 


advisable to install stand-by heat- 


| exchange equipment in order to insure 
| long periods of uninterrupted operation 


at high production levels. 


The presence of any moisture in the 
product recovery and recycle systems 


| (where HCl is present) causes corrosion 


and the formation of iron chloride 


| (FeCl,) which fouls the equipment. The 


moisture tends to concentrate in the up- 
per part of the HCI stripper in particu- 
lar. The major sources of moisture were 
found to be the residual water content of 


_ the Porocel charged, and water formed 
| by the reaction of HCl with iron oxide 
| contained in the Porocel or present as 
_ rust inside the equipment. By treating 
_ each charge of Porocel with anhyd. HC] 
| vapor and purging thoroughly at or 
| above the operating temperature prior 


to use, trouble of this type was practical- 
ly eliminated. 


@ Outlook. At the close of the war, 


| operation of most butane isomerization 


plants was discontinued. Future opera- 


| tion of these plants is dependent upon 
| the local supply of isobutane from other 
_ sources (isobutane occurs naturally and 
| as a by-product of both catalytic and 
| thermai cracking) and the quantity re- 
| quired for alkylation, which in turn de- 


pends on the volume and octane level of 


| aviation gasoline production. Other uses 
| of isobutane as a chemical raw material 


will undoubtedly increase. 


The Jersey pentane isomerization 
process has not been utilized commer- 
cially, but could be employed quite read- 
ily in existing butane isomerization 
plants. Its use to increase the general 
octane level of motor gasoline supplies is 
currently under consideration. The isom- 
erization process is an efficient tool to 
aid the refiner in making optimum utili- 
zation of light petroleum fractions, and 
its application is expected to increase. 

The author wishes to point out that 
credit for the successful process devel- 
opments described is shared by a great 
many individuals both in the organiza- 
tions mentioned and in the various plants 
using the process. The helpful advice of 
N. F. Myers, F. W. Schumacher, and W. 
H. Rupp, all of the Standard Oil Devel- 
opment Company, in the preparation of 
this paper is also acknowledged. al 
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Caleulation of number of theoretical 
plates for rectifying column* 


By A. E. STOPPEL, University of Minnesota 


pens Sra LEH Si) 








By extending the equilibrium curve 
and operating line of the typical Mc- 
Cabe-Thiele distillation diagram be- 
yond their usual limits, the operating 
line will be found to cut the equilib- 
rium curve at two points, once on the 
chart proper, and again somewhere out- 
side the chart. The number of theoreti- 
cal plates required to operate the col- 
umn may be expressed as a simple 
power function of these two points of 
intersection. 


Tue problem of the rapid calculation 
of the number of theoretical plates re- 
quired to effect a given separation by 
distillation of a two-component system 
was studied by a number of investiga- 
tors'-*:7»8 who have each approached 
the problem in a variety of ways. Some 
of the proposed methods make sim- 
plifying assumptions and must be re- 
garded as approximate when used over 
wide ranges of operating variables. 
Others are empirical in nature and in- 
volve the use of charts. A few are ex- 
act for infinite reflux but do not hold at 
lower reflux ratios. A method which is 
exact for any reflux ratio, purity of 
overhead product or waste, or condition 
of feed, but which assumes constancy 
of the relative volatility, was proposed 
by Smoker’. More recently Harbert® de- 
veloped equations to “jump over” a num- 
ber of plates in a single step. 

The method described here leads to 
an expression algebraically identical to 
the equation proposed by Smoker’. By 
proper choice of constants picked from 
a modified McCabe-Thiele chart, the 
equation may be expressed rather sim- 
ply and in a form resembling the expres- 
sion obtained by Fenske® for conditions 
at total reflux. 

*Fig. 1 represents an expansion of the 
familiar McCabe-Thiele® diagram. 
Within square OPQR are represented 
equilibrium curve ODQ and two operat- 
ing lines AK and BD. Extension of the 
equilibrium curve and rectifying line to 
the right to the point of intersection at 
I permits the construction of rectangle 
HIJK, within which are represented the 
operating conditions of the section of 
the column above the feed plate. The 
rectifying line is the diagonal of this 
rectangle; this suggests that the upper 
part of the column is apparently oper- 
ating at total reflux. ; 

Points (x,, y,) and (xg, yg), the 
intersections of the operating line an 
the equilibrium curve, may be located 
by solving simultaneously the equation 
of the operating line, y = mx--c, and 
the equilibrium relation, y(1—x) / 


*First published in Industrial and Engineering 
Chemistry, December, 1946. 


FIG. 1. Modified McCabe-Thiele diagram for distillation column. 









































H XE YE 
Pp 1 
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Xu 
XwYVo be ~ J 
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7 Xw 
fo) R 
Xi» Yo 
x(l1—y) =a, obtaining: m(a— 1) x? (yi—Y_) (XE—X1) _ YoXE (4) 
-+-(m —a-+ ac—c)x+c = 0 and (x;—x,)-Ge-71) Je 


(a—1) y?-+ (m—-a—-ac-++c)y+ac 
= 0. The solution of these quadratics for 
Xo» Xys Yo, and yy is obviously somewhat 
involved and leads to cumbersome ex- 
pressions. However, the products x,xy 
and y,yp are useful and are simply 
stated: yoyp = ac/(a—1) and x,xp = 
c/m(a—1). Dividing these equations 
and rearranging gives y,yp/ax,xy; = m. 
and, since m = (Yr — Yo) / (Xz oa Xo) + 


(Yp —y,)/(xz ‘a Xy) = YoYE/AXoXy 








which represents ratios of slopes from 
the top plate to opposite corners of the 
rectangle. 

A ratio around point (x,, y,) results 
in the expression 


(y—Y,) (xp—x, ) — YoXE 
(x,—x,) (ye—y,) XoYE 
A similar expression may be written for 
each plate above the feed plate. The 


product of all these expressions leads to 
the series 





(5) 





(Xi—X,) (ye—y1) (x,—X9)(ye—y.) (x,—x,) .--- (Xq—X,) (Yz—y'q) 





(yi—y,) (Xp—x) ) (y—Y,) (Xp—x, ) (y;—Yo) eeee (y’a—Yo) (X~—X,) oe ( zen.) 
(6) 


Consider the arc cut by a straight line 
through points (x,, y,) and (x, y;). 
From analogy to Equation 1 this leads to 

(y; sigs ¥,)/ (x; ‘nies Xp) —_ Vi¥,/ax)X, 

<a e & ew ee mae ee ee eee 
and, for the straight line through points 
(x, y1) and (Xz, Yz), 

(ye—yi)/(Xe—%1) = yiyz/ ~— 

Dividing Equation 2 by Equation 3 
gives , 
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XoYE 


In Fig. 1 point (x;, y,) falls on the diag- 
onal of the rectangle. It is obvious from 
the geometrical construction that area 
(xg—x1) (y,—y,)= area (yg— yz) 
(xy—Xo). Also (x—g—x2) (ys—yYo) = 
(x,—x,) (yz—y,), etc. Cancellation 
of these equalities from Equation 6 gives 


(Yi —Yo) (Xe—Xq) _ (222) (7) 


(Ye—Y) ) (Xq il X,,) X\YE 
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Speeded-up production has taker its 
toll of plant equipment. Break-downs 
and unexpected failures are more 
numerous. 

A thorough check-up now will pay 
dividends. And don't overlook your 
steam, water, and air lines. A sud- 
den valve failure might mean loss of 
valuable power and production. 

But should valve trouble occur, you 
can get help . .. quickly . . . from 
your near-by Lunkenheimer Distribu- 
tor. Long established in the commun- 
ity, he has thoroughly experi- 
enced personnel and ade- 
quate stocks ... all the facili- 
ties and “know-how” for 
solving your valve problems. 

Whether it’s an emergency 
call, routine repair and main- 
tenance service, or a new 
installation, phone your 
Lunkenheimer Distributor for 
fast, dependable service. 


ESTABLISHED 1862 


HE LUNKENHEIMER <2. 


“QUALITY’o= 
CINCINNATI 14, OHIO. U.S.A. 


NEW YORK 13. CHICAGO 6 
BOSTON 10 PHILADELPHIA 34 


RT DEPT. 318.322 HUDSON ST. NEW YORK 13, N.Y. 





LUNKENHEIMER VALVES 


BRONZE, IRON, STEEL, AND CORROSION 


Fig. 1430 
Iron Body Gate 





Complete Stock Room 
Facilities 





Aid in Solving 
Operating and 
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Direct Delivery Service 


RESISTANT ALLOY VALVES 
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which is a general equation for calcu- 

leting the number of plates above the 

feed plate. 

For conditions below the feed plate 
the equilibrium curve is extended below 
the origin to permit intersection with the 
stripping line at points (x’,, y’,) and 
(x’,, y’,)- A rectangle is constructed 
with these points on the diagonal. The 
derivation of the equation for the num- 
ber of plates below the feed plate is en- 
tirely analogous to that given and re- 
sult in the equation 

(Yq eat Yo) (x’ aye Re) = oh 

(yn—Yq) (Xw—*'y) x OYE 

The total number of plates required for 

the entire column is the sum of n, and 

n, where n,, includes the still pot as one 

of the plates in the stripping section. 

Equations 7 and 8 are algebraically 
identical to those proposed by Smoker’, 
although the similarity is by no means 
obvious. When this derivation is applied 
to conditions at total reflux, the equation 
reduces to 

yi (L—Xy)/Xe(1—y1) = = ae, 

as given by Fenske’®. 

Nomenclature 
x = mole fraction of more volatile 
component in liquid, 
y = mole fraction of more volatile 
component in vapor, 

y, = mole fraction of more volatile 
component in overhead prod- 
uct, 

Xy = mole fraction of more volatile 

component in waste, 

relative volatility, 

slope of rectifying line, 

y-intercept of rectifying line 

on x, y diagram when x = 0, 

Xo» Yo= lower point of intersection of 
rectifying line and equilibri- 
um. curve, 

X_» Ye_ = upper point of intersection of 
rectifying line and equili 
brium curve, 

xX’, Y) and X’p, yg = lower and upper 
points of intersection of strip- 
ping line and equilibrium 
curve, respectively, 

Xq» Yq = point of intersection of recti- 
fying and stripping lines, 

Yq’ = equilibrium value of y when 
X = Xq, 

n, = number of theoretical plates 
for rectifying section, 


== number of theoretical plates 
for stripping section. 
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Preiicting commercial heat transfer coefficients* 


By E. P. BREIDENBACH and H. E. O'CONNELL, Ethyl Corporation 


@ Abstract. Approximately 80 over-all 
heat transfer coefficients were obtained 
on 24 commercial heat exchangers. These 
are reported and compared (where pos- 
sible) with the theoretical coefficients 
that could be predicted from correla- 
tions available in the literature. Good 
agreement was obtained between the ac- 
tual and theoretical coefficients for: 


1. Partial condensation of hydrocar- 
bons and chlorinated hydrocarbons with 
water and with propane refrigerant. 


2. Total condensation of chlorinated 
hydrocarbons with water. 


3. Liquid-liquid exchangers where 
heat was interchanged between chlori- 
nated hydrocarbons and water and be- 
tween water and water. 

4. Gas exchangers. 


Theoretical coefficients could not be 
predicted for reboilers, mainly because 
neither the boiling film nor the fouling 
film could be determined; however, heat 
flux densities of from 8000 to 10,000 
Btu/(hr) (sq ft) at a temperature dif- 
ferenee of 80 F should give conservative 
values in the design of reboilers for boil- 
ing chlorinated hydrocarbons, low boil- 
ing hydrocarbons, and hydrochloric acid 
solutions with condensing steam. 


@ Introduction. The literature is re- 
plete with methods of calculating theo- 
retical heat transfer coefficients for sin- 
gle films, but very little attention has 
been given to the most important prob- 
lem of predicting commercial overall 
coefficients. Nelson® recognized this de- 
ficiency and attempted to show the ap- 
plication of theoretical methods to prac- 
tice by comparing calculated overall heat 
transfer coefficiencies with actual coeffi- 
cients obtained in refinery practice. Un- 
fortunately, in the cases studied, the 
fouling present overshadowed the effect 
of the individual films and the results 
were not conclusive. Nelson® felt that the 
inability to compute heat transfer rates 
with accuracy was not due so much to 
inadequacies in the transfer rate data, as 
to an inability to predict accurate foul- 
ing tendencies. 


In the past several years, many heat 
transfer data have been collected for 
systems where the fouling factors, in 
most cases, were small or could be ac- 
curately predicted. Consequently, these 
coefficients were compared with coef- 
ficients calculated by known means. 


This paper does not advance any new 
theories in heat transfer but attempts to 
show that present theories can be used 
to predict commercial coefficients with 
reasonable accuracy. It was felt that 
such information would be of special 
value to the students of chemical en- 





*Published in AIChE Transactions, Vol. 42, 
Nos. 5-6, October-December 1946. 


gineering as well as the practicing en- 
gineer. 
@ Commercial overall heat transfer 
coefficients. Approximately 80 heat 
transfer coefficients were obtained on 24 
commercial exchangers. The results of 
these tests are summarized in Tables 2-6. 
The overall heat transfer coefficients 
were calculated from the equation 


U=e@/(A)(at) ..... (i) 

Where: 

U = overall heat transfer coefficient, 
Btu/(hr) (sq ft) (°F), 

q = heat transferred, Btu/hr, 

A = area of the heating surface, sq 
ft, 

At = temperature difference, ° F. 


The heat transferred, q, was taken as 
the more reliable of either the heat input 
or out put (if they were of equal reliabil- 
ity, the average was taken). For water 
flows, the heat transferred was calcu- 
lated from flow, obtained by an orifice 
type meter, and the temperature of the 
water entering and leaving (from cali- 
brated thermometers or thermocouples ) . 
For refrigerant flows, the heat was ob- 
tained from the flow, metered as a liquid 
in an orifice-type flow meter and the 
enthalpy change from temperature and 
pressure conditions of the liquid enter- 
ing and vapor leaving the exchanger. For 
steam, the heat was determined from the 
flow and the thermal conditions of the 
steam entering and the condensate leav- 
ing. The flow was determined by weigh- 
ing the condensate in a tared drum with 
the proper correction being made for the 
portion flashed upon reduction to atmos- 
pheric pressure. Most of the process 
stream flows were determined from heat 
and material balances around the ex- 
changers and consequently offer no 
check on the refrigerant or steam heat 
flows. 


The temperature difference was in 
most cases the log mean temperature 
difference with the proper correction be- 
ing made for non-true counter-current 
flow, McAdams®. In some cases, for ex- 
ample, boiling a pure liquid with steam, 








TABLE 1. Fouling factors. 





: Fouling 
Service factors* 
Gases 
Ni gk alent tanh aha wiant oe ses eeal 0 
Hydrogen chloride... . : Ru Sess sagen 3 
Low boiling hydrocarbons................... 1 
Chlorinated hydrocarbons. .................. 1 
Liquidst | 
ater (either closed system or treated cooling 
Ris cS Namcnddseessekasahoaee = 
Low boiling hydrocarbons................... 1-2 
Chlorinated hydrocarbons................... 1 
SES RS ere 0 


*The fouling factor, f.f.=10°/h¢ 
tThese fouling factors do not hold for boiling liquids. 
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the use of the arithmetic mean tempera- 
ture difference was satisfactory. 


The actual heat transfer coefficients 
reported in Tables 2-6 are of value in 
themselves for they permit a quick eeti- 
mation of coefficients for similar systems 
and have been of great value to the au- 
thors in preliminary process design 
work. Moreover, these coefficients were 
compared with theoretical overall coef- 
ficients to show the validity of the avail- 
able theoretical methods. 


@ Calculation of theoretical overall 
heat transfer coefficients. Theoretical 
overall heat transfer coefficients may be 
calculated by the following approximate 
equation: 








U= A 

os ae ee x. 
hh, 1k Dy byD  hD, 
oo 2) 
Where: 


h, = heat transfer coefficient on tube 
side, Btu/(hr) (sq ft) (°F), 

hy; = heat transfer coefficient of the 
fouling material on the tube 
side, 

L = thickness of tube, ft, 
k = thermal conductivity of metal. 
Btu/(hr) (sq ft) (°F/ft), 

h,. = heat transfer coefficient of the 
fouling material on the shell 
side, 

h, = heat transfer coefficient on the 
shell side, 


D, = inside diameter of tube (ft), 
D, = outside diameter of tube (ft), 
D,y = average diameter of tube (ft). 


Methods for evaluating the individual 
heat transfer coefficients available in the 
literature and applicable to this study 
are summarized below. For a more com- 


prehensive review, the reader is referred 
to McAdams’, 


Fouling. Fouling in heat exchangers 
may be defined as the resistance to heat 
transfer resulting from the deposition of 
materials on the heat transfer surface. 
Fouling may result from the formation 
of a scale such as calcium carbonate, 
from carbon formation, from algae for- 
mation, or from foreign materials intro- 
duced with the stream being. processed. 
Unfortunately, the determination of the 
extent of fouling to be expected is com- 
plicated because the fouling varies from 
day to day, plant to plant, system to 
system, and exchanger to exchanger. 
Values of fouling factors have been given 
by McAdams‘, Nelson’, and the Tubular 
Manufacturers Association®, These were 
supplemented with fouling factors de- 
termined in the plant, and the values 
pertinent to the present study are given 
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in Table 1. The fouling factor is related 
to the heat transfer coefficient by the re- 
lationship, h, = 108/fouling factor. 

Heating and cooling fluids inside 
tubes. For the conditions found in this 
study, the Dittus and Boelter* equation, 
below, is considered best for heating or 
cooling ordinary fluids (liquids and 
gases) flowing in either vertical or hori- 
zontal tubes or pipes, provided that they 
have viscosities not more than twice that 
of water and values of DG/ exceeding 
2100. 

h = 0.023 k/D (DG/n)°-5 (epp/k)"! 
where the terms are defined in the 
nomenclature. 

Heating and cooling fluids outs:de 
tubes, BANKS OF TUBES. For heating or 
cooling (no change of state) liquids or 
gases flowing normal to banks of un- 
baffled tubes with values of D,Gmax./p 
exceeding 2000, the equation of Colburn, 
given in McAdams‘, is recommended. 

h= ak/D, (¢pp/k) % (D.Gmax./p) i 


Heat Transfer Factor, j 





10 


10 10° 
DG Le 


FIG. 1. Heat transfer factor for condensing vapor films. 








TABLE 2. Comparisons of actual and calculated 
heat transfer coefficients for partial condensers. 




































































l % nav Coefficient 
Surface Fluid flowing in Heat flux! piu /(hr . 
Test Type area, Heat load,| At | density om hea ft) Per cent 
No,| sq ft Tube side Shell side | M Btu/hr| °F | Btu/(hr)} "| Devia- 
(sq ft) | Actual | Cale. | tion* 
i | Shellandtube| 312 |Condensing mixture of| Water 235 | 30.5 | 753 | 24.7 | 15.5 | + 37.3 
2 sbiedlnctel hydrocar- 152 31.4 487 15.5 20.2 | — 30.3 
3 bon and hydrocarbons. 116.6 | 27.7 374 13.5 | 12.6] + 6.7 
4 | Shell and tube 59 |Condensing mixture of} Water 526 120.7 | 8,925 at, SSS. ae eee 
ethanol, hydrogen 
chloride and water. re 
5 | Shell and tube 100 |Condensing mixture of} Boiling 92.5 | 40.2 925 23.0 | 24.4|— 6.1 
6 chlorina hydrocar-| propane 267 84.7 | 2,670 31.5 | 36.8 | — 16.8 
7 bon and hydrocarbons. 284 87.0 | 2,840 32.6 | 37.3 | — 14.4 
8 | Shellandtube}| 1500 |Condensing mixture of| Boiling 2,460 21.6 | 1,640 76.0 | 67.8 | + 10.8 
9 chlorina hydrocar-| propane 2, 27.3 | 1,934 70.8 | 69.8) + 1.4 
10 bon and hydrocarbons. 3,275 33.8 | 2,180 64.5 | 66.0) — 2.3 
11 2,780 27.1 | 1,852 68.4 | 68.5] — 0.2 
12 2,910 27.3 | 1,940 71.0 | 70.8} + 0.3 
13 3,100 33.9 | 2,065 61.0 | 68.8 | — 12.8 
145 3,320 29.3 | 2,210 75.5 | 71.0} + 6.0 
15 | Shell and tube 682 |Condensing mixture of} Boiling 282.9 | 7.62 415 54.5 | 43.9} + 19.5 
we boiling hydrocar-| propane 
ns. 
16 | Shelland tube} 2000 | Condensing mixture of} Boiling 682 10.2 341 33.4 | 74.8 | —124.0 
17 | chlorina hydrocar-| ethylene 563 6.8 281 41.2 | 32.4] + 21.4 
18 | bon and hydrocarbons. 354 12.9 177 | 13.7 | 19.2 | — 40.1 
*actual-calculated 
actual 
TABLE 3. Comparisons of actual and calculated 
heat transfer coefficients for total condensers. 
Surface Fluid flowing in Heat flux|p, w/the 
Test Type area, ; : Heat load, | At | density (°F) Per cent 
No. sq ft | Tube side Shell side M Btu/hr| °F | Btu/(hr)} ——————_| Devia- 
(sq ft) | Actual | Cale. | tion* 
19 | Shellandtube} 2400 | Water Condensing chlorinat- 660 | 14.8 | 1,109 75.0 | 54.7 | + 27.1 
20 ed hydrocarbons. 2,135 15.3 890 58.0 | 53.5) + 7.8 
21 2,560 17.8 | 1,068 60.1 56.5 | + 6.0 
22 3,280 32.5 | 1,375 42.0 | 40.3}+ 4.0 
23 2,565 37.1 | 1,070 28.8 | 39.8 | — 38.2 
24 2,770 24.8 ,154 46.5 | 46.0/+ 1.1 
25 3,345 28.6 | 1,395 | Se 
26 : 2,340 | 17.4] ‘975 | 56.0 | 50.6| + 9.6 
7 | Shelland tube 354 | Water {Condensing chlorinat- 950 | 44.7 | 2,680 60 62.2} — 3.7 
28 hydrocarbons. 890 39.9 | 2,510 63 63.2} — 0.3 
29 ; ; 1,096 | 44.0 | 3,095 | 70.3 | 68.2|+ 3.0 
30 | Shellandtube} 900 | Water Contain chlorinat- 675.0} 25.0 750 30.0 | 60.5 | —101.5 
ns. 
31 G-fin 79.8| Water Dendanine chlorinat- 1,017 93.3 | 12,760 136.4 {120.1 | + 11.9 
32 a oe ge i 914 84.8 | 11,460 135.0 {113.4 | + 16.0 
33 | G-fin 212 Water Condensing chlorinat- 592.9} 40.7 | 2,800 68.6 | 93.3 | — 36.0 
34 ed hydrocarbons. 844.1) 47.2 | 3,980 84.5 |103.0 | — 21.9 
35 | 829.3) 35.0 | 3,905 111.7 |103.4 | + 7.4 
































*actual-calculated 


actual 
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where the constant, a, is equal to 0.33 for 
staggered and 0.26 for non-staggered 
tube banks; G,ax. is based on the mini- 
mum free area available for fluid flow. 
If baffles are used, the coefficient is taken 
as 0.6 times the value determined from 
the equation to allow for the leakage that 
normally occurs around the baffles. 

FINNED SECTIONS AND ANNULAR SPACES. 
The use of the equivalent diameter, D,, 
in the Dittus and Boelter* equation is 
recommended. The equivalent diameter 
may be determined for finned sections 
by the relationship: 


D, = 4S/b 


where S = cross section open to flow 
and b = wetted perimeter. The equiva- 
lent diameter for annular spaces with 
the heat flowing through the inner pipe 
is determined by the following equation: 


D, = (D,’—D,’) /D, 


Condensing vapor films. The coefh- 
cient for film-type condensation of va- 
pors outside banks of tubes (or single 
finned tubes) may be approximated from 
the Colburn® equation: 


h = je,G,(epp/k)-% . . . . (5) 


where j is defined as the heat transfer 
factor, values of which may be taken 
from Fig. 1 (for finned sections, use the 
lower curve), and G, is the mass velocity 
of the condensate film, which, according 
to Atkins, may be expressed by the fol- 
lowing equation: 


G, = 36,000 + EG,(p;/py)% . (6) 


where 36,000 is the component attributa- 
ble to gravity and E is a constant to cor- 
rect for the incomplete interaction be- 
tween the condensate and vapor films, be- 
ing 0.3 for a horizontal travel of con- 
densate of more than 200 in., 0.4 for 
travel of from 50 to 200 in., and 0.5 when 
the bundle is vertical and for finned sec- 
tions. This equation may be used for 
both pure vapors and mixtures of con- 
densable and non-condensable vapors. 


THE PETROLEUM ENGINEER, Reference Annual, - 1947 




















Tt 





. % ~ Water Scrubber Towers 


In Texas Chemical Plant. 


Built by Brown & Root. 








Tank Farms -Truck-Barge Terminals -Drilling Installations-Pump Installations 


BROWN-BILT 
e& P.O. BOX 2634 
HOUSTON 1, TEXAS 
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TABLE 4. Comparisons of actual and calculated 
heat transfer coeffieients for liquid-liquid exchangers. 








Surface Fluid flowing in 
Test Type area, : : 
No. sq ft Tube side Shell side 


Heat dux| pee, 
Heat load, | At | density |2tY/ Or, (ea f) 
M Btu/hr| °F | Btu/(hr) D 
(sq ft) | Actual | Calc. | tion* 











36 | Shelland tube| 2465 |Impure chlorinat-|Water 











785 2.83 318 112 107.6 | + 4.0 
37 ed hydrocarbons. 490 1.48 199 134 112.6 | + 15.9 
38 2,330 11.15 945 84.7 83.9 | + 0.9 
39 | 1,280 6.46 520 80.1 80.4|— 0.4 
|'40 | Shell and tube 980 | Water Water 6,820 51.1 6,960 136.1 {133.6 | + 1.8 
41 | G-fin 212 | Water Chlorinated hy- 182 23.8 858 36.0 36.1] — 0.3 
42 : idrocarbon. 155 18.9 730 38.6 32.6 | + 15.6 
43 | Vertical 1575 |Impure chlorinat-| Water 649 35.0 411 11.8 Sete 
44 | Shell and tube ed hydrocarbon. - 955 41.0 606 . 2 eee 
45 1,150 | 27.4 730 i See 











*act ual-calculated 








actual 





























In the case of total condensation, the 
vapor film resistance is zero, but the ef- 
fect of vapor drag, G,, must be taken into 
account for determining G,. For this 
case, use G, equal to one-half the total 
condensate (average of 100 and 0 per 
cent vapor). 

Vapor film in the presence of con- 
densing vapor films. The resistance of 
the vapor film in contact with a condens- 
ing vapor film may be determined by the 
equation of Atkins', which was derived 
from the Colburn® equation (5 above). 


(S) (T.R.) 
—_—_—— (ec u/k)% . (7 
ao - 
where S is the cross-section open to flow, 
sq ft; T.R. is the temperature range, ° F, 
between inlet and outlet; q is the heat 
transferred; and j is the heat transfer 
factor, values of which may be taken 
from Fig. 1. 

Boiling liquids. No correlations are 
available for the prediction of heat trans- 
fer to boiling liquids because all the vari- 
ables which affect the rate of boiling are 
not known (see Drew and Mueller®). It 
is practically impossible therefore to pre- 
dict the coefficients for reboilers unless 
experience is had with the system in 
question. In condensers, however, where 
a boiling refrigerant is used as a cooling 
medium, the resistance to heat transfer 
caused by the boiling film is generally so 
small in comparison with the condensing 
film that it contributes but little reduc- 
tion in the over-all coefficient. 

Cross-section open to flow. The cross- 
section open to flow in the shell side of 
shell and tube exchangers may be cal- 
culated by the following method given by 
Atkins?, 


1. Determine the net cross-section 
open to flow by subtracting the area oc- 
cupied by the tubes from the cross-sec- 
tional area of the shell or of the bundle 
if deflector plates are used. 

2. Determine the cut-out segment of 
the baffle and subtract the area of the 
tubes passing through it. Call this the 
free cross-section. 

3. Determine the linear dimension of 
the baffle, W, by the equation [W = in- 
side diameter of shell X (1—F.CS./ 
N.C.S.) ]. 

4. Increase the linear dimension by 
a factor depending on tube layout: 
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L/h 


1.5 for 34-in. OD tubes on 1-in. square 
pattern. 

2.0 for 34-in. OD tubes on 1-in. tri- 
angular pattern. 


This gives the lateral dimension, x. 


5. Determine the distance between 
the baffles, y, and calculate the diagonal 
dimension, z, between the inlet and out- 
let. 

z= (x*-+y*) 

6. The cross-section open to flow, S, 
is determined from the equation 


S=(N.CS.)(y/z) ... . (8) 


@ Comparison of calculated with ac- 
tual coefficients. The coefficients obtain- 
ed from tests on commercial apparatus 
and those calculated by the methods de- 
scribed in the previous section are com- 
pared and discussed below. The compari- 
sons are given by exchanger types. 


Partial condensers. In a partial con- 
denser, the vapor is cooled with either 
water or refrigerant, to such an extent 
that only part of the vapor is condensed. 
Thus, on the condensing side, there is a 
vapor film in contact with a condensing 
film. The overall coefficients for water- 
cooled condensers were calculated in the 
following manner. 

1. The condensing film was calculated 
by equation (5) as shown above in Con- 
densing vapor films. 

2. The vapor film was calculated by 
equation (7) in Vapor film in the pres- 
ence of condensing vapor films. 

3. The water film was calculated by 
equation (3), the conditions of the test 


fulfilling the requirements of the equa- 
tion. 


4. The fouling factors were obtained 
from Table 1 and were two for the water 
side and one for the condensing chlo 
rinated hydrocarbon side. 

5. The above coefficients along with 
the metal coefficient were substituted 
into equation (2) to give the theoretical 
overall coefficient. 


For the propane-cooled condensers, 
the boiling propane film coefficient could 
not be calculated but was estimated as 
500 Btu/(hr) (sq ft) (° F). This esti. 
mate was in order inasmuch as the boil- 
ing film resistance was negligible in com- 
parison with the controlling vapor film 
resistance. Care should be used in mak- 
ing such assumptions when the over-all 
coefficient is more than seventy-five. 


Comparisons of calculated and actual 
over-all heat transfer coefficients for par- 
tial condensers are given in Table 2. 


Total condensers. In the condensers 
studied, the vapor was condensed on the 
shell side with the water coolant flowing 
through the tubes. The theoretical coef- 
ficients were calculated in the same man- 
ner as the partial condenser expect that 
there was no vapor film and consequent- 
ly no vapor-film resistance. Comparisons 
of calculated and actual coefficients are 
given in Table 3. 

Liquid to liquid exchangers. The 
liquid exchangers of the shell and tube 
type were calculated as follows: 


1. The tube side coefficient was cal- 
culated by equation (3). 

2. The shell side coefficient was cal- 
culated by equation (4). The mass ve- 
locity was based on the minimum cross 
section as calculated in Cross-section 
open to flow. 

3. The fouling factors were selected 
from Table 1, and were two for the water 
side and one for the chlorinated hydro- 
carbon side. 

For the G-Fin exchanger, the shell or 
fin side coefficient was calculated by 
equation (3), with the equivalent dia- 
meter, D,, substituted for the internal 
pipe diameter. 

Comparisons of the calculated and ac- 
tual coefficients for the liquid-liquid ex- 
changers are given in Table 4. Theo- 
retical coefficients for tests 43-45 on a 
vertical shell and tube exchanger could 








TABLE 5. Comparison of actual and calculated 
heat transfer coefficients for gas exchangers. 

















Surface Fluid flowing in Heat flux| p, Coeticient, 
Test, Type area, . _. |Heatload,| At | density Bea/(ne) (oa ~ Per cent 
No. sq ft Tube side Shell side | M Btu/hr| °F w=} via~ 
(sq ft) | Actual | Cale. | tion* 

46 | Horizontal 635 |Chlorinated hydrocar-| Hydrocar- 384 | 45.6 604 13.3 | 15.4 | — 15.8 
47 | Shell and tube bon vapors with small) bon gases 364 | 52.4 573 10.9 | 12.6 | — 15.6 
48 degree of condensation. 382 49.2 601 12.2 | 12.9} — 5.7 
49 439 50.6 690 13.6 | 14.5} — 6.6 
50 542 49.8 855 17.1 15.4 | + 10.0 
51 532 49.0 839 17.1 15.8} + 7.6 
52 429 47.8 675 14.1 13.9} + 1.4 

G-fin 205 Water ayes 80 27.4 390 14.2 | 22.0} — 55.0 



































*actual-calculated 
actual 
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Here are 16 refineries, located in 9 states 

: : and varying in crude capacity from 

: 3,000 BPD to 25,000 BPD. Houdry engi- 

neers analyzed the over-all operations 

3 © @ @ = of each of these refineries and projected 


the addition to it of TCC cracking. 


The true measure of the earning 

AN power of TC C equipment is reflected in 
ie Roe the low differential between the by- 
product cost of gasoline and the cost of 
APPLI ED crude. The resulting increase in earnings 
makes it possible for any of these re- 


T0 finers to retire TC C's low capital cost 
within a relatively short period of time. : 


16 REFINERIES .0c\acursryatezer 
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i xX 
SUMMARY OF ECONOMICS FOR VARIOUS REFINERY PROJECTS 
By-Product 
Refinery Crude Distillate Residual ASTM Cost of 
Analysis Capacity Gasoline Fuels Fuel Octane TEL Crude Cost Gasoline Differential Payout 
No. BPCD BPCD BPCD BPCD No. Ces/Gal. ¢/Gal. ¢/Gal. ¢/Gal. _in Years 
1 5,000 2,893 1,185 688 83.0 1.9 3.8 4.6 0.8 1.4 
2 5,000 2,848 600 1,428 83.5 1.3 3.0 5.0 2.0 2.2 
3 5,000 3,281 1,239 286 77S 1.7 4.2 5.1 0.9 3.5 
6 3,000 1,206 870 914 79.0 1.3 4.6 4.9 0.3 2.3 
5 6,000 3,673 1,080 1,036 77.5 0.7 3.2 4.2 1.0 3.7 
6 4,000 2,842 320 604 79.0 0.7 3.2 4.7 15 3.6 
7 6,000 06060 Nw 1,566 82.5 0.9 3.0 5.1 2.1 2.9 
8 4,000 2,610 400 753 78.0 0.5 3.1 4.6 1.5 2.9 
9 12,000 7,787 1,800 1,602 81.0 1.5 2.8 4.0 | 1.1 
10 5,330 ee 1,032 80.5 0.5 2.9 4.5 1.6 3.3 
11 22,500 15,562 2,250 3,004 80.0 0.6 3.9 ~ 1.2 2.3 
12 12,000 5,969 1,025 4,612 82.0 4.3 2.5 3.6 an 2.5 
13 10,000 5,110 3,963 574 78.0 0.5 3.5 3.9 0.4 1.8 
14 3,500 1,764 525 1,069 80.0 1.1 3.1 4.7 1.6 2.2 
15 9,000 4,663 2,375 1,662 76.0, 0.6 4.6 3.3 0.5 2.2 
16 6,750 4,473 1,991 783 81.5 13 3.9 4.7 0.8 1.7 
_ —_— "ia 
DRY PROCESS CO RATION £:0000))'0@ 
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not be caleulated because the physical 
properties of the material flowing on the 
tube side were unknown. 


Gas exchangers. There were only a few . 


examples of gas exchangers in the plant. 
These included: 


1. A shell and tube heat exchanger 
where heat was recovered from a gas by 
interchange with a partially condensing 
vapor. For this case, the gas film was 
calculated from equation (3) and the 
condensing vapor and vapor films were 
calculated as shown under Partial Con- 
ddensers. 

2. A G-Fin exchanger where a low 
boiling hydrocarbon vapor on the fin side 
was cooled with water. The vapor film 
was calculated by equation (3) with ap- 
propriate correction being made for the 
extended fin surfaces. The water film was 
calculated by equation (3). 

Comparisons of the calculated and ac- 
tual coefficients for these cases are given 


in Table 5. 


Reboilers—boiling liquids with con- 
densing steam. Actual coefficients ob- 
tained in the plant for boiling liquids 
with condensing steam are given in 
Table 6. It was impossible to calculate 
theoretical coefficients because: 


1. The boiling film was controlling. As 
mentioned previously (see Boiling lig- 
uids) there are no adequate metlrods for 
predicting the boiling film coefficients. 
This is especially true. in horizontal re- 
boilers where the degree of boiling would 
vary with the height of liquid over the 
individual tubes. 

2. The fouling in the reboilers was 
much greater than in the other exchang- 
ers. The high temperatures encountered 
in reboilers are most conducive to the 
decomposition of chlorinated hydrocar- 
bons and the polymerization of unsatu- 
rated hydrocarbons. 

3. In some cases the steam condensate 
was sub-cooled. Methods (Colburn, et. 
al.*) are available for estimating the de- 
gree of sub-cooling but these are of little 


Actual Coefficients, Btu / (hr )(sq ft. )( F) 
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FIG. 2. Comparison of calculated and actual coefficients. 


value with the uncertainties mentioned. 


The data on reboiler coefficients, how- 
ever, do show that: 


1. A heat flux density of 8,000 to 
10,000 Btu/(hr) (sq ft) at a tempera- 
ture difference of 80 F is a conservative 
design value for hoiling chlorinated hy- 
drocarbons and hydrocarbons in horizon- 
tal reboilers. Actual heat flux densities 
of more than 13,000 at a temperature 
difference of approximately 100 F were 
obtained for a clean reboiler but the heat 
flux density went down to about 9,000 
after a month of service. 


2. Coefficients as high as 575 Btu/- 
(hr) (sq ft) (° F) were obtained in a 








TABLE 6. Heat transfer coefficients for reboilers. 






































Surface Fluid flowing in Heat flux |Actual coefficient 
Test | Type area, : Heatload,| At density, | Btu/(hr) (sq ft) 
No. | sq ft Tube side Shell side | M Btu/hbr Btu/(hr) (°F) 
| °F | (att) 
54 | Shell and tube 550 | Condensing steam|Boiling 441 12.0 804 66.9 
55 chlorinated 580 25.0 1,055 42.2 
56 hydrocarbon 1,063 96.1 1,934 20.1 
57 1,263 46.4 2,295 49.6 
58 | 1,221 52.5 2,220 42.3 
59 1,121 64.0 2,040 31.8 
60 | Shell and tube 104 | Condensing steam|Boiling 1,325 91.0 12,730 140.0 
61 {chlorinated 1,406 91.0 13,500 148.6 
62 hydrocarbon 1,295 | 103.5 12,440 120.2 
63 1,046 | 105.0 ,060 95.9 
64 1,041 | 107.1 10,010 93.5 
65 931 96.1 950 93.2 
66 529 41.8 5,080 121.6 
67 802 48.9 7,700 158.0 
68 ; 730 | 42.0 020 167.0 
69 | Shell and tube 550 | Boiling mixture of|Condensing 955 | 181.0 1,736 9.6 
70 : chlorinated hydro-|steam 984 67.0 1,787 26.7 
a! carbon and cata- 831 | 101.0 1,511 15.0 
72 lyst 803 | 86.0 1,460 17.0 
73 1,080 | 166.0 1,960 11.8 
74 Vertical shell and 145.4/20 per cent HCl |Condensing 1,086 53.1 7,460 135.7 
tube (Karbate) steam 

75 | Vertical shell and 319 |35 per cent HCl |Condensing. 1,763 11.7 5,520 472.0 
76 | tule (Karbate) steam 2,913 16.4 9,130 557.0 
77 3,182 18.5 9,975 540.0 
78 , 3,814 20.8 11,950 575.0 

9 | Shell and tube 217 ‘| Hot water Boiling hy- 529 57.3 2,485 42.5 
80 | Shell and tube 217 | Hot water Boiling hy- 804 42.0 3,700 88.4 

| deoeasbenn 
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vertical thermosiphon-type reboiler boil- 
ing 35 per cent hydrochloric acid; how- 
ever, for a similar exchanger and service, 
test No. 74, a coefficient of only 135 was 
obtained. There was no apparent explan- 
ation for the discrepancy. 

3. Fouling caused by the decomposi- 
tion of chlorinated hydrocarbons can 
seriously lower heat transfer capacity. 
For example, Tests 54, 55, and 56 were 
made on the same reboiler over an in- 
terval of several month. Test 54, made 
when the reboiler was commercially 
clean gave a coefficient of 66.9, which i- 
what could be expected with the low- 
temperature difference of 12 F; however, 
with continued use the coefficient de- 
creased until, in Test 56, it was only 20 
with a temperature difference of 96 F. 
@ Discussion of results. The actual and 
calculated heat transfer coefficients giv- 
en in Tables 2-5 are compared in Fig. 2 
by plotting the calculated coefficients 
against the actual coefficients. These data 
were analyzed also by the method of least 
squares which showed that 95 per cent 
of the time the maximum absolute devia- 
tion is about 11 Btu/(hr) (sq ft) (° F). 
The percentage deviation will vary de- 
pending on the size of the heat transfer 
coefficient, being as high as 100 per cent 
for a heat transfer coefficient of 11 Btu/- 
(hr) (sq ft)(° F). However, for heat 
transfer coefficients more than 35 Btu/- 
(hr) (sq ft) (° F) the deviation between 
the actual and calculated is less than 30 
per cent and this is within tH accuracy 
of the methods for calculating theoreti- 
cal heat transfer coefficients. (For ex- 
ample the Dittus and Boelter equation 
has a reliability of + 20 per cent and 
most of the other equations for individ- 
= _ have a larger uncertainty than 
this. 

Eight of the tests (No. 16, 19, 30, 31, 
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For Water Cooling 
Material: Copper and Aluminum 
Cooling Surface: 700 Sq. Ft. 
Dimensions: 18''x60''x7" 
Weight: 400 pounds 





For Water Cooling 
Material: Aluminum 
Cooling Surface: 700 Sq. Ft. 
Dimensions: 21/'x25V/2"'x6%4"" 
Weight: 110 pounds 





ALUMINUM... AND TRA NE brazing paper-thin aluminum sheet in a flux bath. Then 


they had to train workers in the techniques of the Argon 


ENGINEERING. .. MAKE IT POSSIBLE Heliarc welding of aluminum. Every step was new and 


difficult — but Trane solved every problem. 


Aluminum heat transfer surface has come a long way TRANE CAN SOLVE YOUR HEAT EXCHANGE PROBLEM 

since Trane first made the familiar fin-and-tube surface If your product involves heat transfer surface, and weight, 
entirely of aluminum over twelve years ago. The striking space, or resistance to corrosion and pressure are problems, 
contrast in heat exchangers you see above is the result of Trane may have a better solution. Trane “surface” is 


entirely new developments in which Trane utilizes the full 
advantages of aluminum in extremely compact, highly 
efficient heat exchangers for use where space and weight 
must be saved. 


manufactured in a wide variety of materials — from cop- 

per and aluminum to stainless steel and inconel — and it 
ee 

is built to handle an even greater range of heat exchange 


applications. 
To build these new heat exchangers, Trane engineers not For further information about Trane heat exchange sur- 
only utilized all of their years of experience with alumi- face — or about any of the most complete line of heating 
num, they invented new techniques for the fabrication of and air conditioning products in the industry — write The 
aluminum to surmount obstacles that had been called Trane Company, La Crosse, Wisconsin for the location 
impossible. For example, they developed a means for of the nearest of 85 Trane field offices. 







eers of Equipment for 
AIR CONDITIONING. 


THE TRANE COMPANY, LA CROSSE, 
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$2. 33, 34, and 37) had an absolute de- 
viation greater than 11 Btu/ (hr) (sq ft) 
(° F) and the least squares treatment 
indicated that these tests should be dis. 
carded; however, tests No. 19, 31, 32, 
34, and 37 had a percentage deviation of 
less than 30 per cent which is within the 
accuracy of the method of calculation 
and therefore, were good tests even 
though the statistical treatment indicated 
otherwise. Tests 16 and 33 were believed 
to be in error due to the errors in the 
test data inasmuch as other tests on the 
same exchangers gave acceptable com- 
parisons. When test No. 30 was made the 


condenser had been in service several _ 


years without cleaning and, therefore, 
was badly fouled on the water side. In 
addition, the unit was in such a service 
that foaming from the evaporating unit 
resulted in undue fouling on the con- 
densing side. 

The percentage deviations of the ac- 
tual from the calculated coefficients were 
calculated and are shown in Tables 2-5. 
Except for the three tests, No. 16, 30, 
and 33, discarded as just mentioned, only 
five tests gave percentage deviations 
greater than 30 per cent and as expected 
these were all for heat transfer coefh- 
ciens below 30 Btu/(hr) (sq ft) (° F). 
[he maximum percentage deviation ob- 
tained (exclusive of the discarded 
points) was 55 per cent. 


@ Conclusions. Commercial heat trans- 
fer coefficients can be calculated with en- 
gineering accuracy by methods available 


in the literature for the following types 
of exchangers: 

1. Partial condenser. 

2. Total condenser. 

3. Liquid-liquid exchangers. 

4. Gas exchangers. 
for materials having the same fouling 
characteristics as water, chlorinated hy- 
drocarbons, and low boiling hydrocar- 
bons. For other systems, the coefficient 
can be calculated if the fouling factor is 
known; however, for systems with a high 
fouling factor, the coefficient cannot be 
predicted with high accuracy since the 
fouling film, which even at the best has 
a high uncertainty, may be the control- 
ling film. 

The overall heat transfer coefficient 
for reboilers (boiling liquid with con- 
densing steam) cannot be calculated, 
mainly because the boiling film cannot 
be determined. For design purposes, a 
heat flux density of 8,000 to 10,000 Btu/- 
(hr) (sq ft) (° F) at a temperature dif- 
ference of 80 F seems to give conserva- 
tive values for boiling chlorinated hydro- 
carbons, low boiling hydrocarbons and 
hydrochloric acid solutions. 


@ Acknowledgment. Many of the test 

data reported in Tables 2-6 were ob- 

tained by J. O. Davis, J. B. Jones, H. M. 
wut 


Electronics are now used in labora- 
tory work for the determination of 
properties and performance charac- 
teristics of aviation fuels. 












56 DA’’ 


CONTROLS 
FOR 
PRESSURE 
OR 
—- 
EXPLOSION- 
PROOF 
HOUSING 


of continuous performance. 





Mercoid “DA” Controls are particularly suited for the accurate and dependable 
service required on many essential industrial applications. 
_ The outside double adjustment feature permits setting of the control without remov- 
ing the explosion-proof case cover. The accurately calibrated dial and pointers indi- 
cating the operating range, are plainly visible through the shatter-proof glass cover. 
The direct reading eliminates guesswork, 

A heavy Bourdon tube actuates the mercury switch. The Mercoid corrosion-proof 
mercury switch assures positive make and break in the electrical circuit during years 


For complete data see Mercoid catalog No. 600. A copy will be sent upon request. 
THE MERCOID CORPORATION - 4205 W. BELMONT AVE. > CHICAGO, ILL. 
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Rodekohr, T. M. Smylie, H. H. Wall, 
and W. R. Wilkinson. Assistance was ob- 
tained from R. Herzog in the statistical 
treatment of the data. 

@ Nomenclature 

A =area of heating surface, sq 
ft, 

b = wetted perimeter, ft, 

c, =specific heat at constant 
pressure, Btu/(lb) (°F), 

1) = diamter, ft; D., equivalent 
diameter; D,, outside diam 
eter; D, and D,, diameter ot 
annulus, 

F.C.S. = free cross-section open to 
flow, 

, = mass velocity, lb/(hr) (sq ft 
of cross-section); Gyax. is 
the value based on the mini- 
mum area available for fluid 
flow; G. refers to conden- 
sate; G, to vapor, 

h = coefficient of heat transfer, 
Btu/(hr) (sq ft) (°F); h, 
is coefficient of a scale or de- 
posit, 

j =a product of dimensionless 
terms, j= (h/c,G) 

(cpu/k) %, 

k = thermal conductivity, Btu/- 
(hr) (sq ft) (°F per ft), 
L = thickness of exchanger tube, 
ft, 
N.C.S. = net cross-section open to 
flow, 
q = heat transferred, Btu/hr, 
S = cross-section open to flow, sq 
ft, 
T.R. = temperature range between 

U 


inlet and outlet, ° F, 
overall coefficient of heat 
ae. Btu/(hr) (sq ft) 
(°F), 


I 


= linear dimension of baffle, ft, 
x = lateral dimension of baffle, 
ft, 
y = distance between baffles, ft, 
= diagonal dimension between 
baffles, ft, 

At = temperature difference, ° F; 
At, is logarithmic mean 
temperature difference, 

p = density, lb/cu ft, 
pi = density of liquid, 
py = density of vapor, 
p. = Viscosity. 
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F OR large, medium or small lines 
.- - for horizontal, vertical or angle 
installations ... for 150 lb to 7500 lb 
service . . . stainless steel or Stellite 
trim ... whether you need flanged, 


BIG CHECKS 





€ 


New flow contours reduce 
pressure loss, increase oper- 
ating efficiency. Built in sizes 
through 14 in. 


screwed or welding ends—there isan 
Edward steel check valve to meet 
your requirements. Many sizes and 
types are in stock for immediate 
shipment. 





Vibration, clatter and dam- 
aging shock to piping are 
eliminated with Edward pis- 
ton-type check valves. In- 
tegral guide ribs, cored out 
for free flow, guide the hour- 
glass disk-piston throughout 
travel to prevent hanging up. 





AVAILABLE IN HORIZONTAL_m ... ANGLE Zz ..- VERTICAL | 


MEDIU 


mm 





Exclusive Edward 
disk guide lip aids 
tight seating and 
cuts wear on seat 
and disk through 
momentary thrott- 


— ; ling action. 











Edward check valves 
may bedisassembled 
without removing 
from the line. Covers 
are forged steel. 





AVAILABLE IN HORIZONTALU-~ ... ANGLE (— ..- VERTICAL | 


SMALL 


ee 
















Edward forged 
steel check valves 
are spring loaded 
to insure quick, 
accurate seating. 
Bodies are 
streamlined. 
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For viscous fluids 
or hydraulic serv- 
ice, Edward ball 
checks are ideal. 
Stainless steel 
ball is mated to 
seat. 





A request on your company letterhead will bring you an Edward Catalog. 





Design of small 
Edward checks 
permits use in 
either horizontal 
or vertical lines. 
Built in sizes 
down to \% in. 


AVAILABLE IN HORIZONTAL L—... ANGLE (~ »»» VERTICAL | 
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Plate efficiency of fractionating 
eolumns and absorbers* 


By H. E. O'CONNELL, Ethyl Corporation 


@ Abstract. A correlation of plate effi- 
ciency as a function of feed viscosity and 
the relative volatility of key components 
has been developed for fractionating tow- 
ers from test data on 29 commercial col- 
umns and five laboratory columns pre- 
viously reported in the literature and 
from new test data on three commercial 
eolumns not previously reported. Also, 
the correlation of Walter and Sherwood 
for laboratory plate absorbers, which ex- 
presses plate efficiency as a function of 
viscosity and Henry’s law constant, has 
heen simplified and compared with the 
efficiency for commercial absorbers. The 
correlations are suitable for determining 
the plate efficiency in the design of com- 
mercial fractionating columns and ab- 
sorbers. 


@ Introduction. An important phase in 
the design of plate-fractionating columns 
and absorbers is the determination of the 
number of plates required in the column. 
The number of theoretical (or perfect) 
plates can be calculated by known meth- 
ods’ *. 192° but such a calculation in- 
volves the assumption that the vapor and 
liquid leaving the plate are in equilib- 
rium, As this condition is rarely obtain- 
ed, the number of theoretical plates must 
be divided by the plate efficiency in order 
to obtain the number of actual plates re- 
quired. 

Plate efficiency may be expressed in 
several ways. 


1. Overall plate efficiency. This is the 
ratio of the number of equilibrium con- 
tacts (theoretical plates) to the number 
of actual plates. 

9 
presses the efficiency for a single plate 
as follows: 

, Y’,— Y’, 

Ev = Yoye occ (1) 
Where: 


Y’; = mole fraction of more volatile 
component in the vapor phase 
of the total vapor entering the 
plate. 

Y’, = mole fraction of more volatile 
component in the vapor phase 
of the total vapor leaving the 
plate. 

Y’* = mole fraction of more volatile 


* component in the vapor phase . 


in equilibirum with the liquid 
leaving the plate. 
3. Point efficiency. This is the effici- 
ency at a single point on the plate. 
The Murphree plate efficiency assumes 
that the liquid on each plate is complete- 





*First published in the August, 1946, Transac- 
tions of the American Institute of Chemical En- 
oo and reprinted by permission of the pub- 
lishers. 
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Murphree plate efficiency. This ex-, 


ly mixed and that all the vapor comes 
in contact with liquid of the same com- 
position as that leaving the plate. This 
is not the case because there is incom- 
plete mixing of the liquid as it flows 
across the plate. Also, the vapor that 
passes through the caps near the inlet 
weir comes in contact with a liquid 
richer in the more volatile components 
than the liquid leaving the plate. Thus, 
it is possible to have a vapor leaving the 
plate richer in the more volatile compo- 
nent than the equilibrium concentration 
with the leaving liquid. For this case, 
Murphree plate efficiencies more than 
100 per cent can be obtained. 

The overall plate efficiency in most 
cases would fall between the Murphree 
plate efficiency and the local or point ef- 
ficiency. The correlations presented in 
this paper are based on overall plate ef- 


ficiencigs. However, for some cases it was 
necessary to derive overall plate effi- 
ciency from Murphree plate efficiencies. 
@ Factors affecting plate efficiency. 
The plate efficiency of fractionating col- 
umns and absorbers is affected by both 
the mechanical design of the column and 
the physical properties of the solution. 

Mechanical design. The following 
variables in mechanical design have been 
studied by others. 

The vapor velocity in the column af- 
fects plate efficiency in that (as shown 
by Peavy and Baker'®) the efficiency at 
low velocities increases with vapor ve- 
locity; at moderated velocities, remains 
constant for a considerable range; and 
then at high velocities, drops off as en- 
trainment becomes pronounced. The op- 
timum velocity for maximum plate ef- 
ficiency can be obtained from the 








TABLE 1. Plate efficiency of fractionation column. 
























































’ Average column Key components Viscosity 
Type of oot Ht |g oa | Goa = 
ype of column ref. | Sym- : a average x 
no.| bol |Temp.,|Pressure,, High Low {volatility} column bina per 
F psia volatility | volatility conditions, cent 
centipoises 
1. Gasoline fractionator... .. 3 0 197 215 |Isobutane /|Butane 1.36 0.10 0.14 | 74.0 
2. Gasoline fractionator.....| 3 0 217 265 |Isobutane Butane 1.31 0.09 0.12 | 88.0 
3. Gasoline fractionator 3; 0 200 | 218 |Isobutane Butane 1.28 0.10 | 0.13 | 86.0 
4. Gasoline fractionator... .. 3 0 | 205 | 223 {Isobutane (Butane 1.28 0.10 | 0.13 | 83.0 
5. Naphtha fractionator 
_ Ae 15 0 240 135 |Isopentane /|Pentane 1.21 0.15 0.18 | 63.0 
6. Naphtha fractionator 
LE 15) © | 236 125 |Isopentane |Pentane 1.21 0.16 | 0.19 | 69.0 
7. Naphtha fractionator 
be seraiavein Se 0 214 125 |Butane Pentane 2.20 0.15 0.33 | 67.4 
8. Naphtha fractionator 
_ eee ae 15 0 157 100 |Butane Pentane 2.61 0.22 0.57 | 51.0 
9. Cracking unit stabilizer...| 8 0 315 347 |Propane Butane 1.76 0.07 0.13 .0 
10. Cracking unit stabilizer...| 8 0 363 |Butane Pentane 1.88 0.10 0.18 | 77.0 
11. Cracking unit stabilizer...| 8 0 312 357 |Propane Butane 1.77 0.07 0.12 ae 
12. Cracking unit stabilizer...| 8 0 319 363 |Propane Butane 1.81 0.11 0.19 | 81.0 
13. Cracking unit stabilizer...) 8 0 313 366 |Propane Butane 1.77 0.09 0.16 | 84.2 
14. Cracking unit stabilizer...| 8 0 314 350 {Propane Butane 1.83 0.10 0.18 | 80.0 
15. Poly plant stabilizer...... 8 0 198 362 |Propane Butane 2.11 0.22 0.47 | 55.0 
16. Poly plant stabilizer...... 8 0 365 | Propane Butane 2.00 0.22 0.44 | 58.0 
17. Butane depropanizer. . . . . 8 0 162 235 |Propane Butane 2.45 0.15 0.36 | 68.0 
18. Butane —- eee 8 0 161 235 |Propane Butane 2.45 0.17 0.42 | 64.0 
19. Debutanizer. . wan) 0 275 117 |Butane Pentane 2.00 0.17 0.33 | 59.0 
20. Deisopentanizer . Ratcckanctes 8 0 280 116 |Pentane Hexane 1.90 0.16 0.30 | 64.0 
21. Deisopentanizer......... 8 0 270 116 |Pentane Hexane 1.96 0.17 0.34 | 62.0 
22. Deisopentanizer......... ) 0 262 116 |Pentane Hexane 1.98 0.16 0.31 | 67.7 
23. Deisopentanizer......... 8 0 264 115 |Pentane Hexane 1.87 0.16 0.30 | 69.0 
4. Saeeeee Bie inten 8 0 260 117 |Pentane Hexane 1.97 0.15 0.30 | 73.0 
25. Deisobutanizer.......... 8 0 304 367 |Isobutane Butane 1.16 0.11 0.13 | 76.7 
26. Deisopentanizer......... 8 0 253 98 j|Isopentane |Pentane 1.22 0.19 0.24 | 59.5 
27. Stabilization of ethylene Ethylene 
acces ster <40/s 22 A 206 21 | Water Dichloride | 20.51 0.37 7.60 | 29.0 
28. Stabilization of ethylene Ethylene 
dichloride*............ 22 4 220 28 |Water Dichloride | 16.0 0.35 5.60 | 29.0 
29. Stabilization of ethylene Ethylene 
GUIS. 6. cc ones 22 4 220 28 |Ethy! Dichloride | 3.1 0.35 1.08 | 57.0 
30. Stabilization of ethyl chloride Ethyl. 
chloride.......... ee 4 173 151 |Tsobutane Chloride 1.69 0.11 0.19 | 85.0 
31. Alcohol-water, lab. column; 12 x 196 14.7|Ethyl alcohol] Water 9.03 0.32 2.89 | 32.0 
32. Alcohol-water, lab. column} 12| x 188 14.7|Ethyl alcohol] Water 7.05 0.36 2.54 | 47.0 
33. Alcohol-water, lab. column} 12 x 179 14.7|Ethyl alcohol] Water 2.34 0.42 0.98 | 77.0 
34. Alcohol-water, lab. column} 12; < 174 14.7|Ethyl alcohol] Water 1.27 0.45 0.57 | 62.0 
35. Beer ag (perforated 
gure PE ee 1} + 208 16 |Ethyl alcohol] Water 10.8 0.32 3.46 | 41.0 
36. = stills (perforated 
OIE re 11 + 210 17 |Ethyl alcohol] Water 10.8 0.32 3.46 | 42.5 
37. Alcs aoe. ner 17); + 200 15 | Alcohol Water 9.0 0.29 2.61 | 49.0 
38. Trichloroethylene toluene . 
and water, lab. column..| 18 | O 210 15 |Trichloro- 
ethylene Toulene 2.1% 0.30 0.635) 53.0 


























*Results of one test with plate efficiency based on different components. 
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scale application. 
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. .. team-experience cuts costs, speeds construction. 
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% LICENSING SERVICE — Licenses available through Kellogg as 
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correlation of Brown and Souders*‘ sup- 
plemented by the work of Brown and 
Lockhart.® 


The plate efficiency of a column in- 


creases as the submergence of the slots - 


is increased and is independent of slot 
velocity for the range of velocities com- 
monly employed. This is shown by 
Carey et al.® 

Adequate downcomer area and length 
must be provided to handle the liquid 
load and thus prevent column flooding. 
The method of calculation of downcomer 
size is summarized by Kirkbride.** In 
addition, for large diameter columns 
with high liquid loads, adequate provi- 
sion must be made to insure plate sta- 
bility. An unstable plate results when 
the liquid head at the entrance to the 
plate is considerably greater than the 
head at the discharge from the plate. 
With this condition, there is a tendency 
for the vapor to pass through only those 
caps with a low-liquid head. Good et al!° 
have presented a correlation to deter- 
mine the allowable liquid load in the 
column for stable plate operation. 

The diameter of the column does not 
affect plate efficiency for diameters less 
than 5 ft. However, for columns larger 
than 7 ft, the length of the liquid path 
(cross flow effect) must be taken into 
account. 

The methods just given are suitable 
for determining the optimum design of 
the mechanical features, both in regard 
to column operation and plate efficiency, 
within the range of column design cur- 
rently used in practice. 

Physical properties. The effect of phys- 
ical properties of the solution on plate 
efficiency has not been studied as ex- 
tensively as the mechanical-design fea- 
tures. Yet, the importance of physical 
properties has been shown by plate ef- 
ficiencies varying from approximately 
0 to 100 per cent in columns with similar 
mechanical designs. There have been 
only a few studies on the effect of phys- 
ical properties on the plate efficiency. 

Walter and Sherwood?* conducted lab- 
oratory experiments on the absorption 
and desorption of carbon dioxide in 
water and glycerol solutions, the absorp- 
tion of ammonia in water, and the ab- 
sorption of hydrocarbons in oil. They 
showed that the plate efficiency increas- 
ed with increasing solubility of the gas 
in the dissolving medium and with de- 
creasing viscosity of the dissolving me- 
dium. Keyes and Byman’™ studied the 
system alcohol-water in a laboratory col- 
umn and showed the effect of alcohol 
concentration on plate efficiency and in- 
dicated the effect of viscosity. 

Gerster, Koffolt, and Withrow® showed 
that their (PTU),,, number of actual 
plates per number of transfer units, is 
a function of the slope of the equilibrium 
curve and the reflux ratio. For the spe- 
cial case where the number of transfer 
units is equal to the theoretical plates, 
it follows that the plate efficiency is a 
function of the slope of the equilibrium 
curve ard the reflux ratio. 

The most comprehensive study from 
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5 Oe ie O-COMMERCIAL HYDROCARBON 
100 FRACTIONATION COLUMN. 
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RELATIVE VOLATILITY OF KEY COMPONENT X VISCOSITY OF FEED 
(AT AVERAGE COLUMN CONDITIONS) 
FIG. 1. Effect of relative volatility and viscosity - 
on plate efficiency of fractionating columns. 
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VISCOSITY OF FEED (CENTIPOISES) 
AT AVERAGE COLUMN CONDITIONS 


FIG, 2. Effect of viscosity on plate efficiency of fractionating columns. 


a practical standpoint was made by 
Drickamer and Bradford® who showed 
that for commercial hydrocarbon frac- 
tionating columns and absorbers, the 
plate efficiency increased with decreas- 
ing viscosity. Drickamer and Bradford’s 
correlation avoids the limitations of the 
other studies which were made in lab- 
oratory columns but has the disadvan- 
tage that it is suitable only for hydro- 
carbon separations with a low relative 
volatility of the key components. 


The purpose of this investigation is 
to correlate plate efficiency with the 
physical properties of the material han- 
dled, the resulting correlation to be free 


' of the limitations of the correlations 


mentioned. As a matter of convenience, 
separate correlations are presented for 
fractionating columns and absorbers, al- 
though the factors affecting both are in 
essence the same and could be presented 
in the same correlation. 


@ Plate efficiency of fractionating col- 
umns. The plate efficiency of fractionat- 
ing columns was correlated (Fig. 1) as 
a function of the product of the relative 
volatility of the key components* and 
the average molal liquid viscosity (in 
centipoises) of the column feed, both at 
the average tower temperature and pres- 





*Key components are those for which 4 > 
limiting a have been speci: 
the overhead and bottoms. 
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TABLE 2. Plate efficiency of absorbers. 

















Average colugnn ph 
Lit. | Sym- Key Liquid Plate 
Type of column ref.| bol | Temp., |Pressure,| component | HP® |viscosity,|) HP//t| eff. 
no. F, psia centi- per cent 
poises 
1. Poly plant absorber............. 8 A 127 260 |Butane 0.85 | 0.41 2.07 39.0 
2. Poly plant absorber............. 8 A 124 265 |Butane 0.94 | 0.50 1.96 38.0 
3. Poly plant absorber............. 8 A 126 255 |Butane 0.78 | 0.41 1.94 42.0 
4. Poly plant absorber............. s A 120 260 |Butane 0.87 | 0.48 1.76 36.0 
ff es 8] A 132 254 |Butane 0.96 | 0.31 3.10 50.0 
SS SRC rere 8 A 138 267 |Butane 0.92 | 0.22 4.13 56.4 
Di ieipaabaedhex sees si 8; A 117 94 |Butane 0.32] 1.41 0.22 10.4 
anes Sis :5.s000-i0:0:e-0 5) A 93 485 |Isopentane 5.16 | 0.42 | 12.28 50.0 
9. Cracking coil gas absorbert...... 19 A 60 92 |Ethylene 0.04 | 1.90 0.02 10.3 
10. Cracking coil gas absorberf...... 19 A 60 92 |Ethane 0.06 | 1.90 0.03 14.9 
11, Cracking coil gas absorberf......| 19 A 60 92 |Propylene 0.20; 1.90 0.11 25.5 
12, Cracking coil gas absorbert......| 19 A 60 92 |Propane 0.22; 1.90 0.11 26.8 
13. Cracking coil gas absorberf...... 19 A 60 92 |Butylene 0.61 1.90 0.32 33.8 
14. Absorption of propylene in heavy 
naphtha in a 2-in. column.......| 23 Cc 75.2 66 | Propylene 0.15 | 1.00 0.15 24.0 
15. Absorption of propylene in heavy 
naphtha in a 2 in. column....... 23; C 109.4 66 | Propylene 0.10 | 0.74 0.13 21.6 
16. Absorption of propylene in heavy 
naphtha in a 2-in. column.......| 23 | C 69.8 46 |Propylene 0.12] 1.05 0.10 22.6 
17. Absorption of isobutylene in heavy 
naphtha in a 2-in. column.......| 23 | C 78.8 66 |Isobutylene 0.54 | 0.97 | 0.56 | 36.4 
18. Absorption of propylene in gas oil 
in a 2-in. column............... 23; C 75.2 66 |Propylene 0.12} 5.50 0.02 11.0 
19, Absorption of propylene in gas oil 
eee 231} C 118.4 66 |Propylene 0.07 | 2.80 0.03 13.1 
20. Absorption of isobutylene in gas 
oil in a 2-in. column...... eae 23; C 77.0 66 |Isobutylene 0.39 | 5.40 0.07 17.4 
21. Absorption of isobutylene in gas 
oil in a 2-in. column...... ee 23) C 86.0} 66 |Isobutylene 0.33 | 4.80 | 0.07 17.1 
22. Absorption of isobutylene in gas 
oil in a 2-in. column............ 23; C 98.6 66 |Isobutylene 0.27 | 3.90 0.07 17.6 
23. Absorption of —— in gas 
lube oil in a 2-in column........ 23] C 73.4 66 |Propylene 0.08 | 21.50 0.004 | 10.6 
24. Absorption of propylene in gas 
lube oil in a 2-in. column....... 23 | C 105.8 66 {Propylene 0.05 | 10.50 | 0.005| 4.7 
25. Absorption of isobutylene in gas 
lube oil in a 2-in. column....... 23; C 75.2 66 |Isobutylene 0.32 | 20.60 0.02 10.1 
26. Absorption of isobutylene in gas 
lube oil in a 2-in. column....... 23; C 75.2 66 |Isobutylene 0.32 | 20.60 0.02 9.2 
27. Absorption of carbon dioxide in 
water in an 18-in. column (avg. 
dhl + axe eee Ae ee 50.4 14.7|Carbon dioxide | 0.003} 1.30 0.002 2.0 
28. Desorption of carbon dioxide in 
water in a 5-in. column (avg. of 
ee ee ee 78.6 14.7|Carbon dioxide | 0.002) 0.88 | 0.002 2.4 
29. Desorption of carbon dioxide in 
12.2 weight per cent glycerol in 
a §-in. column........ se ksnievisia 23} B 77.0 14.7|Carbon dioxide | @.002} 1.21 0.002 1.6 
30. Desorption of carbon dioxide in 
23.6 weight per cent glycerol in 
eS eee eee 23); B 77.0 14.7|Carbon dioxide | 0.002} 1.71 0.001 0.96 
31. Desorption of carbon dioxide in 
33.2 weight per cent glycerol in 
SGU. GR... 5... 0020+ 23} B 77.0 14.7|Carbon dioxide | 0.001) 2.36 0.0004; 0.96 
32. Desorption of carbon dioxide in 
43.7 weight per cent glycerol in 
BN Is i0 6:0:0:5.4,555,00006:000 3; B 77.0 14.7|Carbon dioxide | 0.001] 3.74 0.0003; 0.65 
33. Absorption of ammonia in water..| 23 D 57.0 14.7|Ammonia 5.80 | 1.17 4.96 69.0 
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sure. The data for the correlations were 
obtained from tests reported in the lit- 
erature on 29 commercial columns and 
five laboratory columns and from three 
unpublished tests on commercial col- 
umns. The data for all the tests are sum- 
marized in Table 1. Complete data for 
the unpublished tests are presented in 
Table 3. 

Efficiencies for all tests were overall 
plate efficiencies and for most of the 
tests these were readily obtainable; how- 
ever, for the laboratory tests on the alco- 
hol-water column,” tests 31 to 34 in 
Table 1, the overall plate efficiency was 
obtained by assuming it to be between 
the reported Murphree and point ef- 
ficiencies. This appears to be a reason- 
able assumption since these efficiencies 
compare favorably with overall plate 
efficiencies obtained in a commercial 
fractionation column with ethyl] alcohol. 
Other laboratory data, for example the 
work of Peavy and Baker?® on ethyl 
alcohol-water system, were not included 
because the Murphree plate efficiencies 


reported could not be translated to over- 
all plate efficiencies. 

Viscosity and relative volatility were 
selected as the most important physical 
properties affecting plate efficiency for 
the following reasons: 

1. The effect of viscosity on plate ef- 
ficiency has been shown by Drickamer 
and Bradford, who presented a correla- 
tion of plate efficiency with viscosity for 
hydrocarbon separations of about the 
same relative volatility. This is a logical 
relationship, inasmuch as the mass trans- 
fer of vapors and liquids is a function of 
viscosity as shown by Chilton and Col- 
burn? and Walter and Sherwood.** 

2. The effect of. relative volatility was 
shown by the results of a test on an ethyl- 
ene dichloride stabilizer. (Table 3). In 
this column, the feed contained both 
water and ethyl chloride which had to 
be reduced to low concentrations in the 
ethylene dichloride bottoms. The plate 
efficiency based on water as the low- 
boiling key component (ethylene dichlo- 
ride the high-boiling key component) 
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was 29 per cent and the relative volatil- 
ity between water and ethylene dichlo- 
ride was 16. The plate efficiency based 
on ethyl chloride as the low-boiling key 
component was 57 per cent and the rela- 
tive volatility between ethyl choloride 
and ethylene dichloride was 3.1. No the- 
oretical explanation for this relationship 
has been found. 

The agreement between test results 
(Table 1) and the fitted curve for these 
data (Fig. 1) was good. Average devia- 
tion was + 10 per cent and 90 per cent 
of the data fell within + 16 per cent of 
the predicted curve. Only one point, ob- 
tained from a laboratory test on an 
ethyl alcohol-water separation, deviated 
more than 30 per cent from the curve and 
was believed to be in error. The devia- 
tions from the curve are to be expected 
from errors in analyses, inaccuracies in 
physical data, and limitations in the 
method of calculation. In addition, dif- 
erences in column design could account 
for some of the deviation. 

The plate efficiency was plotted against 

the viscosity of the feed in Fig. 2, as 
suggested by Drickamer a:d Bradford. 
This gave practically as good an agree- 
ment between actual and predicted ef- 
ficiency as obtained in Fig. 1. This is to 
be expected because most of the tests 
are for systems of similar relative vola- 
tilities. however, for the tests where the 
relative volatility is high (Points ++, 
, and A on Figs. 1 and 2), this paper 
(Fig. 1) gave a better correlation. 
@ Plate efficiency of absorbers. The 
plate efficiency of absorbers was corre- 
lated (Fig. 3) as a function of the term 
HP/p 


Where: 
H = Henry’s law constant in lb moles 
per (cu ft) (atm), 
P = pressure in atm, 
p. = viscosity of absorbent in centi- 
poises. 


All values are taken at average col- 
umn conditions. 

The data were obtained from tests re- 
ported in the literature on 13 commer- 
cial columns and 20 laboratory columns. 
These data are summarized in Table 2. 

The efficiencies for the commercial 
absorbers were overall plate efficiencies, 
but, unfortunately the efficiencies for 
the laboratory columns were Murphree 
plate efficiencies; however, it was as- 
sumed that the Murphree plate effi- 
ciencies were equal to the overall plate 
efficiencies. This assumption was based 
on: 

1. Data on absorption .of hydrocar- 
bons in oil in the laboratory columns 
gave Murphree efficiencies equal to the 
overall plate efficiencies obtained in 
commercial columns for similar systems. 

2. The laboratory data were obtained 
in small columns where there is little 
difference in the Murphree plate ef- 
ficiency and point efficiency. For this 
condition, the Murphree plate efficiency 
most likely approaches that of the over- 
all plate efficiency. However, two of the 
tests were run in an 18-in. column and 
one of the tests, the absorption of am- 
monia in water, gave a Murphree plate 
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efficiency of 69 per cent, which was 
higher than the overall plate efficiency 
predicted in Fig. 3. This was expected 


since Murphree plate efficiencies are 


usually larger than overall plate ef- 
ficiencies in large columns. 

This correlation is similar to one pre- 
sented by Walter and Sherwood who 
correlated the results on the laboratory 
column tests reported in Table 2, and 
is based on the same concepts used in 
the fractionating column correlation. Ac- 
tually both correlations (Figs. 1 and 3) 
could be presented on the same figure, 
but the difficulty of expressing the solu- 
bility effect on the same basis made it 
more desirable to present two plots. 

The average deviation between pre- 
dicted efficiency in the curve of Fig. 3 
and actual efficiency was + 9 per cent 
if the points (C) and HP/p of 0.004 and 
plate efficiency of 10 per cent and (A) 
at HP/» of 0.22 and plate efficiency of 
10 per cent are excluded. These were the 
only two points where the deviation was 
greater than 20 per cent. 

The plate efficiency was plotted against 

viscosity in Fig. 4. The points scattered 
widely showing the pronounced effect of 
material solubility on plate efficiency. 
The line on the graph is that presented 
by Drickamer and Bradford for com- 
mercial hydrocarbon fractionating col- 
umns and absorbers. 
@ Effect of tray design and reflux 
ratio on plate efficiency. The results of 
this study show that, with present de- 
sign methods, the variance in column de- 
sign found in commercial columns does 
not affect plate efficiency appreciably. 
This does not imply that improvement 
in column design cannot be realized, 
but on the contrary, shows that in some 
cases present design methods are not 
adequate to realize the full potentialities 
of the concept of a theoretical plate. 
Therefore, a study of tray design should 
be made with the purpose of obtaining 
a design that will overcome the delete- 
rious effect of high viscosity and high 
relative volatility on plate efficiency. 

The correlations presented in this 
memorandum do not show any effect of 
reflux ratio on plate efficiency and this 
is to be expected if the column is op- 
erated at the optimum vapor and liquid 
loads; however, Gerster, Koffolt, and 
Withrow® showed that the relationship 
(PTU),,, number of actual plates 
equivalent to a transfer unit, is a func- 
tion of the reflux ratio as well as the 
slope of the equilibrium curve. When 
the number of transfer units equals the 
number of theoretical plates, (PTU),, 
is the inverse of the plate efficiency. This 
is a special condition that is not always 
met. 


@ Summary. Correlations have been 
presented for predicting overall plate 
efficiencies of commercial fractionating 
columns and absorbers within the ac- 
curacy of the other variables in design 
(tray design, physical-property data, and 
method of calculation). The correlations 
are semi-empirical and therefore have 
all the limitations of empirical relation- 
ship antl should be used as such. A wide 
diversity of systems was used. For the 
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FIG. 3. Effect of solubility and viscosity on plate efficiency of plate absorbers. 
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HYDROCARBONS. 

D- LABORATORY ABSORPTION OF 
AMMONIA. 


VISCOSITY OF FEED(CENTIPOISES) 
AT AVERAGE COLUMN CONDITIONS 


FIG. 4. Effect of viscosity on plate efficiency of plate absorbers. 


fractionation column, correlation data 
were available on hydrocarbon, chlo- 
rinated hydrocarbon, alcohol-water and 
trichloroethylene-toluene-water systems. 
For the absorber correlation, data were 
available on the laboratory desorption 
of carbon dioxide from water and gly- 
cerol solution, the absorption of am- 
monia in water and the absorption of 
hydrocarbons in oil in both commercial 
and laboratory columns. Overall plate 
efficiencies (as defined above) were used 
although in some cases it was necessary 
to derive the overall plate efficiencies 
from Murphree plate and point efficien- 
cies. This latter point should not be con- 


sidered a limitation of the correlation 
because such data could be omitted from 
the correlations without an appreciable 
impairment of their value. 

The determination of the number of 
theoretical plates requires accurate va- 
por-liquid equilibria data. In many cases, 
especially in multicomponent mixtures 
such data are not available and are dif- 
ficult to obtain. For example, the equilib- 
rium vaporization constant (K = y/x) 
which are available for hydrocarbons 
are in some cases a function of the com- 
position of the liquid and the critical 
properties of the mixture as well as the 
temperature and pressure of the system. 
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YH weiaeus alone 


combine these features: 


@ Seamiless—greater strength 
and uniformity 


@ Tangents—keep weld away 
from zone of highest stress — 
simplify lining up 

@ Precision quarter-marked 
ends—simplify layout and help 
insure accuracy 

@ Selective reinforcement—pro- 
vides uniform strength. 

@ Permanent and complete 
identification markings—save 
time and eliminate errors in 
shop and field 

@ Wall thickness never less than 
specification minimum — as- 
sures full strength and long 
life 

@ Machine tool beveled ends — 
provides best welding surface 

. and accurate bevel and land. 

No other welding © The most complcte line of 
Welding Fittings and Forged 

Steel Flanges in the world — 

insures complete service and 


fittings have a l l the featur es undivided responsibility 


listed here. Who can say that a job welded 


with fittings which lack any one of these 


features does not sacrifice something? 


Ee 2 23~=—T General Offices and Works: P. O. Box 485, Chicago 


New York Office: 50 Church Street Philadelphia Office: Broad Street Station Bldg. Los Angeles Office: Subway Terminal Bidg. 
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They keep you out 
of trouble...and 
Save You Money 


You get a lot of plus 
values .. . and avoid a 
lot of failure headaches 
and possible accidents 
. . . by using Jerguson 
Flat Glass Gages for 
every liquid level indi- 
cating use. 


Jerguson 
Reflex Gage 


You get the kind of gages and valves 
you want to do YOUR JOB. Jerguson 
offers you the most complete line avail- 
able. Jerguson offers you an engineer- 
ing organization specializing in build- 
ing special gages to meet problems, 


Jerguson Flat Glass Gages save money 
and labor. They are easy to install. 
They stand up . . . you don’t have to 
keep servicing them or replacing the 
glass. They are available in a wide 
range of sizes, pressures, designs and 
materials; also with polished end stems 
to replace present tubular gages. 


Write us about 
your problems or 
requirements. 













GAGE & VALVE 


COMPANY 
100 Fellsway, Somerville 45, Mass. 


* Representatives in Major Cities 
Phone Listed Under JERGUSON 




















TABLE 3. 


Tests conducted at 
Ethyl Corporation, 
Baton Rouge, Louisiana. 














Test No. 1 
Stabilization of ethylene dichloride 

ee ee .. 
od. = 6 Gata a a6 6 siace sie sie. s.ais 18 in. 
ee ee SER ee 30 in. 
I ane ee top plate 
ARSE eee ee marie ir: 90.7 moles/hr 
NN 5569 Lpclayhicn a FR wont eho 35.6 moles/hr 
an chk os dana yaawnne sane 55.1 moles/hr 
Weed temperature. ..............6.605. 116 F 
I Soo acs cise smsasineislees 214F 
Bottom temperature................... 230 FL 
ee cee 27.5 psia 
Heat supplied in reboiler............... 808,000 Btu/hr 
Heat removed in overhead condenser.... 570,000 Btu/hr 

Component Feed* Bottoms* Overhead* 
eee eee 0.0300 
Ethyl chloride ... 0.0157 0.0001 0.0400 
“ere 0.0003 0.0346 
Ethylene dichloride... . . 0.9504 0.9975 C.8949 


Trichloroethane........ 0.0013 0.0021 0.0005 
*Mole fraction. 





Theoretical plates required for water-ethylene dichlo- 


WIUSMOPATAEIORT 5... not nese esse cies sues 2 
Plate efficiency for water-ethylene dichloride separa- 
EE Sy | Serr rer 29 
Theoretical plates required for ehty] chloride-ethylene 
eee ee TOT CE 4 
Plate efficiency for ethyl chloride-ethylene dichloride 
separation (4/7) (100), percent.................. 57 


tCalculated by method of Sorel.” Equilibria data for sys- 
tems water-ethylene dichloride and ethy! ¢ :loride-ethylene 
dichloride obtained from unpublished data from Ethyl 
Corporation. 


























Test No. 2 

Stabilization of ethylene dichloride 
PMMDET IGE PIBNEE 5-055 c0est cnn se cece We 
SE ee 21 in. 
eee 24 in. 
errr top plate 
cs acars, visit Rasen 76.3 moles/hr 
MR ics sie hicsaieedsaruieasae 22.1 moles/hr 
I io ooo a.k cong. dass ches ated 54.2 moles/hr 
Weed COMMOTOOUTO. «<0... 2. ec c cs eecass 57 F 
Top temperature. .... Foe ere ye 189 F 
Bottom temperature................... 207 F 
iN nee eee 6 psig 
Heat supplied in reboiler............... 708,000 Btu/hr 
Heat removed in overhead condenser... . 328,990 Btu/hr 

— Feed* Bottoms* Overhead* 

Wat ... 0.0065 0.0001 0.0221 
Ethylene dichloride... . 0.9935 0.9999 0.9779 

*Mole fraction. 
Theoretical number of plates reid f for separation.. 2 
Plate efficiency (2/7) (100), per cent................ 29 
Test No. 3 
Stabilization of ethylene dichloride 
Number of plates. . pUuccase ita site 
or sesiee sn ene 
Column diameter......... .,, 20in. 
oO ee ... top plate 
Sere . 196.7 moles/hr 
ee ee SS errr ere _. 86.1 moles/hr 
a OS eee _.. 110.6 moles/hr 
Feed temperature................ . —24F 
Se 142 F 
Bottom temperature................... 203 F 
eee 136 psig 
Heat supplied in reboiler........ 1,600,000 Btu/hr 
No overhead condenser 

Component Feed* Bottoms* Overhead* 

More volatile than iso- 

Po Rea winenereseek 0.1901 <0.00001 0.4342 

I 55.54 :8.0:s.0004;8:0 0.0593 0.001 0.1354 
Baal chloride. . .. 0.7506 0.999 0.4304 


*Mole jetien. 





Number of theoretical plates required for separation 
isobutane-ethyl chloridet......................- 20.5 
Plate efficiency (20.5) /(24) (100), percent.......... 85 


tEquilibria data for system isobutane-ethyl chloride ob- 
tained from unpublished data from Ethy] Corporation. 
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Such factors must be taken into account 
in the calculation of the number of theo- 
retical plates required. 


@ Acknowledgment. The test data in 
Table 3 were obtained by E. P. Breiden- 
bach, H. M. Rodekohr, T. M. Smylie, H. 
H. Wall, and P. R. Walton of the devel- 
opment section of Ethyl Corporation. 
The data were compiled and the graphs 
prepared by Rose E. Worsham. The au- 
thor wishes to acknowledge with thanks 
the critical review of the report by O. E. 
Kurt, F. A. McCoy and F. J. Sergeys. 


@ Nomenclature. 
p. = Viscosity, centipoises, 
H = Henry’s law constant in lb 
moles per cu ft atm, 
P = pressure in atmospheres, 


R 
I 


relative volatility, 


(PTU),, = number of plates equivalent 

to a transfer unit, 

overall plate efficiency, 

Murphree plate efficiency = 

Y,—Y,/¥,—Y*, 

E,, = point plate efficiency, 

mole fraction of more vola- 

tile component in the vapor 

phase of the total vapor en- 
tering the plate, 

Y’, = mole fraction of more vola- 
tile component in the vapor 
phase of the total vapor 
leaving the plate, 

Y’* = mole fraction of more vola- 
tile component in the vapor 
phase in equilibrium with 
the liquid leaving the plate. 


I 


icy} 
B 
<4 

\ 


" 
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IF YOU USE VALVES— 
THIS FOLDER WILL HELP YOU 


Reading-Pratt & Cady offers a wide range of high quality 
Bronze Gate Valves—every one designed, built and rigidly 
tested to ensure top performance. This folder—a condensed 


catalog—deserves a place in your files. 


READING, PA.—Body and bonnet of every R-P & C Bronze Gate 
are sound castings of fine-grained valve Bronze with uniform 
wall thickness. Wedges are reversible and renewable—an economy 
feature. In the larger sizes, seat rings are renewable in the line. 
Heavy stems of high-tensile rolled brass have clean-cut ma- 
chined threads to ensure continued smooth operation. Every 
Bronze Gate that leaves the R-P & C factory is given an extra 
final air test—to make sure of mechanical perfection. 

Ask your Reading-Pratt & Cady distributor about bronze, 
iron and steel gate, globe, angle and check valves—iron cocks 
and Lubrotite gate valves—Bar Stock valves of bronze,.carbon 
steel and alloy steels—cast steel fittings. 


AE 


i READING-PRATT & CADY DIVISION 
~y AMERICAN CHAIN & CABLE 


Reading, Pa. Atlanta + Baltimore » Boston « Chicago * Denver + Detroit » Houston + Los Angeles * New York « Philadelphia + Pittsburgh + Portland, Ore. San Francisco + Bridgeport, Conn. 
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Some ease histories of corrosion problems 
in chemical process equipment* 


By W. Z. FRIEND‘ and F. L. LaQUE’, International Nickel Company, Inc. 


ly corrosion engineering, as in most 
other activities, much of our progress is 
made by a careful study of the mistakes, 
or rather the unfortunate experiences of 
ourselves or others. From an accumula- 
tion of such experiences, backed up by 
fundamental research, has come a pretty 
good understanding of the principal fac- 
tors that affect corrosion. The proper 
application of this knowledge to prelimi- 
nary laboratory, pilot plant, or full plant 
corrosion tests usually leads to the selec- 
tion of suitable corrosion-resistant mate- 
rials and to the proper methods of opera- 
tion of process equipment to avoid 
corrosion. Occasionally, a case of unex- 
pectedly high corrosion occurs in which 
a considerable amount of diligent test 
work may be required to find the cause 
of the trouble. 


A study of cases involving corrosion 
of chemical process equipment reveals 
that in most of them, unexpected corro- 
sion was due to a failure to recognize 
the presence of, or anticipate the effects 
of, one or more of the following factors: 

Aeration or lack of aeration. 

Temperature of solution or metal. 

Velocity or agitation. 

Presence of minor but highly corrosive 
constituents. 

Presence of a constituent (in solution 
or suspension) that destroyed the protec- 
tive films. 

Absence of a constituent expected to 
inhibit corrosion. 

Unfortunate combinations of metals 
with unfavorable area relationships that 
lead to galvanic corrosion. 

Concentration cells responsible for lo- 
calized corrosion. 

Improper heat treatment or other con- 
ditioning of the metal. 

Histories of investigation of a number 
of cases of corrosion of plant equipment 
are given to illustrate the methods of at- 
tack sometimes required to solve such 
problems. These cases have been selected 
to illustrate the effects of one or more of 
the corrosion factors, and not with the 


idea of covering a range of metals and 
alloys. 


@ Case 1. Effect of aeration on reduc- 
tion of dyestuff. The problem was to 
determine why a different percentage of 
a certain dyestuff (sulphon cyanine 
black B) was required in different dye- 


*Presented before American Institute of 
Chemical Engineers, Regional meeting, San 
Francisco, California, August 25-28, 1946. Pub- 
lished in AIChE Transactions, Vol. 42, Nos. 6-6, 
October-December, 1946. 


?Both authors are in corrosion engineeri 


7 ng 
section, dévelopment and research division, In- 
ternational Nickel Company, Inc. 
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ing machines in the same plant, to pro- 
duce the same shade on stockings knitted 
from the same batch of silk when they 
were degummed and dyed by the one- 
bath method. The dyeing was done in 
standard rotary hosiery dyeing machines 
made of monel and containing bronze 
gears and nickel silver heating pipes. 
There were six of these machines in the 
same service. No. 1 machine of 100-lb 
capacity was the most reliable and was 
being used for the bulk of the dyeing. 
No. 4, a 50-lb machine, was thoroughly 
unstable and usually required indefinite 
additions of black. 


It was contended by the suppliers of 
dyes and other processing chemicals that 
the metals in the machines were respon- 
sible in some way for the difficulty. This 
was eventually proved to be wrong but 
the contention did lead to a thorough in- 
vestigation, which established that varia- 
tions in amounts of dissolved air in the 
dyebaths in the different machines, and 
particularly deficiency of air in certain 
machines, were the elusive factors re- 
sponsible for the difficulty. 


The first step in the investigation was 
to make laboratory dyeings in open por- 
celain beakers with and without the pres- 
ence of monel, bronze, and nickel silver 
test pieces, both alone in galvanic con- 
tact with each other. Care was taken in 
all tests to insure that the weight of 
goods, volume of liquid, and area of 
metal test piece were in the same rela- 
tionship as in the dyeing machines; also 
that the percentages of various ingre- 
dients, temperature and other factors in- 
cidental to the dyeing process were main- 
tained properly. Parallel dyeings were 
made on previously degummed silk; also 
dyeings by the customary one-bath proc- 
ess. The colors were all good with no 
difference in shade. These tests indicated 
clearly that the metals did not affect the 
color but they failed to show what did. 


The scene of activities was then shifted 
to the dyehouse. It was shown repeatedly 
that, when the batch was degummed first 
and then dyed in a fresh bath with the 
degumming agents present, uniformly 
good color was obtained in all machines. 
This indicated that the difficulty was as- 
sociated with the presence of serecin, or 
silk gum. 

There followed a considerable num- 
ber of laboratory experiments, this time 
made in one-liter wide-mouth Erlen- 
meyer flasks equipped with reflux con- 
densers, in which various factors were 
studied including the presence of metals. 
The principal conclusions were: 

1. Reduction of dyestuff was obtained 
whenever serecin was present and the 


temperature and pH conditions were the 
same as in the dyehouse. 

2. This reduction was obtained in 
glass equipment in the absence of any 
metals. 


In comparing these tests with the earli- 
er laboratory tests, it became apparent 
that the principal difference was in the 
amount of aeration. In the first case, dye- 
ings were made in open beakers under 
conditions insuring a high degree of aera- 
tion, while in the other case, the arrange- 
ment and operation of the apparatus was 
such that free access of air was pre- 
vented. The final step was to apply this 
knowledge to the operation of the dye- 
house machines. 

In No. 1 machine (which had never 
given any trouble) it was possible re- 
peatedly to get considerable reduction of 
the dyestuff by stopping the rotation of 
the cylinder for as short a time as 10 
min. In No. 4 machine (which had previ- 
ously given trouble) air was injected into 
the solution through one of the perfo- 
rated steam pipes, and perfect colors 


_ were obtained. In later experiments it 


was found that only a very small amount 
of air was required to prevent reduction 
of the dyestuff by the serecin. It was ap- 
parent finally that the effective differ. 
ences in the various machines were in 
the degrees of tightness of covers and 
doors and possibly in the breathing ac- 
tion of the rotating cylinders in the ma- 
chines of different sizes. 


@ Case 2. Effect of corrosive impuri- 
ties in caustic soda. This case involved 
the abnormally high corrosion rate of 
nickel tubes in a continuous foreed- 
circulation nickel evaporator operating 
under 28 in. Hg vacuum and used for 
concentrating lime-soda caustic soda 
from 50 per cent to 70-75 per cent con- 
centration. Steam was at approximately 
265 F under 70 psig pressure. The evap- 
orator was equipped with 208 tubes, each 
¥% in. OD by 16 gauge by 10 ft long. 
Examination of 12 typical tubes after 
eight months’ service showed an average 
weight loss of 2 lb per tube. This was 
equivalent to an average corrosion rate 
of 190 mdd or 0.031 ipy, based on con- 
tinuous operation. This corrosion rate 
was more than ten times that normally 
experienced in the tubes of forced-circu- 
lation nickel evaporators handling caus- 
tic of similar concentrations. 
Examination of the inside surface of 
a number of the tubes showed them to be 
covered with a black film, which analysis 
showed to be principally nickel sulphide. 
This led to the conclusion that the caus- 
tic in this plant was unusually high in 
sulphur compeunds, confirmed by analy- 
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ses to be as high as 0.0098 per cent calcu- 
lated as H,S based on the weight of solid 
caustic. Possible sources of sulphur 
compounds appeared to be: Re-use of 
“bottoms” from caustic fusion pots in 
which sulphur shading was used; burn- 
ing of sulphur-containing natural gas in 
lime kilns; perhaps other additions for 
specific treating purposes 

In caustic of high concentration, the 
resistance of nickel to attack depends to 
a considerable degree on the formation 
of a protective nickel oxide coating. It 
seemed possible that if certain sulphur 
compounds were present in the caustic, 
the formation of sulphides might prevent 
the development of a proper oxide coat- 
ing with the result that corrosion would 
be increased. 


Corrosion tests were made in the evap- 
orator by placing specimens of nickel 
immediately above the top tube sheet 
where they would be subject to the ve- 
locity of liquor emerging from the tubes. 
In 24-day tests, the average corrosion 
rate of five specimens of nickel was 132 
mdd (0.021 ipy). Allowing for difference 
in velocity this was in good agreement 
with the corrosion rate of tubes. Similar 
tests in another plant during concentra- 
tion of electrolytic caustic soda had 
shown an average corrosion rate of 10 
mdd (0.0016 ipy) for nickel. 


In order to observe the corrosive effects 
toward nickel of different sulphur com- 
pounds laboratory tests were made in 75 
per cent C.P. caustic at 265 F with and 
without the addition of 1 per cent of the 
sulphur compounds shown in Table 1. 
Duration of these tests was 20 hr. They 
confirmed the suspicion that certain oxi- 
dizable sulphur compounds could accel- 
erate the corrosion of nickel by caustic 
soda to the extent observed in the plant. 


Further tests showed that, by addition 
to the plant caustic liquor, of sufficient 
sodium peroxide to oxidize all of these 
compounds to sodium sulphate, corrosion 
of nickel was reduced to a suitable low 
figure. In this case the most economical 
solution was to eliminate the sources of 
oxidizable sulphur compounds. 


@ Case 3. Effects of a combination of 
factors. Another case involved the ab- 
normal corrosion of nickel tubes in a 
forced-circulation evaporator used to 
concentrate electrolytic caustic soda to 
50 per cent concentration. In this case, 
the evaporator operated under 5 psi pres- 
sure with the liquor temperature at ap- 
proximately 300 F and with steam at 120 
to 135 psi or about 350 F. The evaporator 
was equipped with 416 nickel tubes, each 








TABLE 1. Corrosion of nickel by C.P. 
75 per cent caustic soda containing 
added sulphur compounds. 
Temperature: 265 F Duration of tests: 20 hr 





Average corrosion rate 











Addition agent mdd ipy 
1 per cent sodium sulfide.......... 141 0.023 
1 per cent sodium thiosulphate.... . 49 0.008 
1 per cent sodium sulphite ........ 32 0.005 
| per cent sodium sulphate........ 4 0.0007 
__ a Ae a eee 3.5 0.0006 
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¥% in. OD by 16 gauge by 10 ft long. The 
caustic solution circulating through the 
tubes contained approximately 5 per 
cent crystalline salt in suspension. By 
weighing 43 tubes removed from the 
evaporator it was found that the average 
weight loss corresponded to an average 
corrosion rate of 118 mdd (0.019 ipy). 
These tubes were all corroded somewhat 
more at the top and bottom ends due to 
turbulence effects. The average corrosion 
rate of the least corroded middle sec- 
tions was 106 mdd (0.017 ipy). Failure 
in most cases had occurred near the top 
tube sheet where the tube walls had been 
somewhat thinned by the end of the tube 
roller. These corrosion rates were several 
times those normally expected in the 
evaporation of caustic to 50 per cent. 


In a preliminary study of the problem, 
there appeared to be the following sig- 
nificant differences in the operation of 
this evaporator and those at most other 
plants: 

1. The operating temperature was 
higher. Similar evaporators normally op- 
erate under vacuum at about 200 F. 

2. The amount of entrained salt was 
higher than usual. 

3. It had been the practice to add some 
chlorine to the cell feed liquor that might 
be expected to make the amount of avail- 
able chlorine in the caustic somewhat 
higher than normal. 


Previous experience had shown no sig- 
nificant difference in corrosion rates of 
nickel in pure 50 per cent caustic at 200 
F and 300 F so it was felt that tempera- 
ture alone could not be a signicant fac- 
tor; however, there was the possibility 
that this combination of temperature and 
entrained salt content would be effective 
in removing the protective oxide film 
from nickel. Liquor velocity entering the 
tubes was calculated to be about 9.5 fps, 
with some unknown higher velocities at 
the outlet end due to steam liberation. 
The inside surfaces of the tubes were 
roughened more than usual, indicating 
abrasion as a factor. 


In an attempt to study the effects of 
temperature, velocity, and salt content a 
series of laboratory tests was undertaken 
in samples of plant caustic as well as 
synthetic caustic soda-salt mixtures 
made up with CP caustic. The sample of 
plant caustic, as received, contained 100 
ppm oxidizing material calculating as 
available chlorine but did not contain 
oxidizable sulphur compounds. The test 
results were erratic, due chiefly to in- 
ability to keep all the crystalline salt in 
suspension, and corrosion rates were in 
general less than those observed in the 
plant. 


In order more clearly to duplicate 
plant condiitons, all-nickel test equip- 
ment was set up in the plant, next to 
the evaporator so that liquor could be 
pumped directly from the evaporator 
through the test equipment, and back 
into the evaporator. Steam jacketed 1-in. 
ips nickel tubes 10 in. long were used as 
test pieces. Tests were made at various 
tube velocities ranging from 3 to 14 fps 
and at various temperatures. With this 
equipment, when operating at the same 
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liquor and steam temperatures and ve- 
locity as in the evaporator it was possible 
to duplicate the corrosion rates shown 
by the evaporator tubes. The effect of 
velocity on corrosion rate is shown below. 








Velocity, fps Avg corrosion rate, mdd 
2-3 68 
5 86 
9-10 110 
13-14 114 








When steam was omitted from the 
steam jacket, and liquor from the evapo- 
rator at 300 F was circulated through 
the test unit at 13-14 fps velocity, the 
corrosion rate was reduced to an average 
of 64 mdd showing the important effect 
of high tube wall temperature in in- 
creasing corrosion where as much as 5 
per cent entrained salt was present. 

Subsequent tests were made at lower 
temperatures and with smaller amounts 
of entrained salt present in the caustic. 
With entrained salt in the neighborhood 
of 1 per cent, liquor velocities of 9-10 
fps, and with steam temperatures con- 
trolled to be the same as liquid tempera- 
tures, the following corrosion rates were 
obtained at various temperatures: 








Temp. F Corrosion rate, mdd 
285 23.4 
265 17.2 
212 16.6 








These rates corresponded with those 
obtained normally for the tubes in 50 
per cent caustic evaporators in other 
plants. They confirmed the fact that the 
high corrosion rates of tubes had been 
due to the high entrained salt content of 
the caustic combined with the unusually 
high tube wall temperatures. Subsequent 
changes in operation including reduction 
of the amount of available chlorine pres- 
ent in the caustic increased evaporator 
tube life to a satisfactory point. 


@ Case 4. Effect of carbon dioxide in 
steam. Another case involving the unex- 
pected corrosion of nickel tubes, oc- 
curred almost simultaneously in caustic 
soda evaporators at two different plants, 
but in these cases on the steam side of 
the tubes rather than on the caustic side. 
In both cases the only evaporators in 
which this corrosion occurred were the 
first effects of multi-effect evaporator 
systems. They were heated with plant 
steam whereas the other effects were 
heated with process steam evaporated 
from the first effects. Corrosion of the 
tubes had occurred at random with some 
tubes not attacked and with no observed 
relationship to the construction of the 
evaporator. In Plant A the first effect 
operated with 35 psi steam pressure, and 
in Plant B with 10 psi steam. 

It seemed likely that corrosion could 
be due only to non-condensables dis- 
solved in the condensate from the plant 
steam, although this had not been en- 
countered previously with nickel. Analy- 
ses of the non-condensable gases from 
the steam side of the first-effect evapora- 
tors were made at both plants. In Plant 
A, ten samplings throughout a year 
showed the carbon dioxide content to 
vary from 20 to 87 per cent by volume 
with an average of 64 per cent, Oxygen 
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Back of the pencil that creates the flow diagrams, that 
makes the working drawings, that writes the specifica- 
tions of every UOP job, is the combined thinking of 
top-ranking specialists in petroleum processing... 
chemists, physicists, technologists, engineers . . . all con- 
tributing to the correct solution of the problem... to 
the development of the process and equipment that will 
produce more and better gasoline at lower cost. 


These are men who have already made possible many 
of the more important advances in the production of 
motor fuels ...men who are in daily contact with 
refining problems . . . whose broad, down-to-earth ex- 
perience has equipped them with practical knowledge 
of every phase of petroleum processing. 
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This vast storehouse of knowledge and experience is 
available to all refiners. It is the foundation upon 
which has been built the success of this organization 
and of those whom it serves. 


NOW GOING TO PRESS! 


“UOP Laboratory Test Methods for Petroleum and Its 
Products.” This authoritative book explains fully the 
most practical and up-to-date methods for the refinery 
laboratory. Over 350 pages, flexible leatherette bound. 
Orders taken now at pre-publication price of $10.00 per 
copy. After publication the price will be $14.00. Limited 
number of copies. Order now to assure delivery. Avail- 
able only from Universal Oil Products Company. 


UNIVERSAL OIL PRODUCTS COMPANY 


General Offices: 310 S. Michigan Ave. CHICAGO 4, ILLINOIS, U.S.A. 
LABORATORIES: RIVERSIDE, ILLINOIS 


RESEARCH « ENGINEERING « PROCESSES ¢ SERVICE 
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New and novel! The Foamite Airfoam- 
Generating Nozzle—a strikingly new and 
out-of-the-ordinary foam-making, fire- 
iifelahilare Miley s4(-Mm col mm allure Ciallale Mn lee 
flammable liquids as well as those in ordi- 
nary combustibles. It floats with free flow- 
ate MicelolielinamelaM ol'iguliare Micelle Kmelie Mullin OURS) / Century 
ers fire by cutting off the oxygen supply. 
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Here’s the postwar nozzle * for which you’ve 
been waiting, an airfoam-making nozzle of in- 
genious engineering design that is light in weight, 
fast in action, easy to work, and efficient in 
service. 


This Foamite Airfoam-Generating Nozzle me- 
chanically creates Airfoam thru a scientific 
mixing of water, air and Foamite Airfoam 

























Shown is sectional view of Model 600 
Foamite Airfoam-Generating Nozzle. It 
mechanically creates Foamite Airfoam 
thru a scientific mixing of water, air, 
and Foamite Airfoam Liquid. Phantom 
view shows specially designed ‘‘tear 
drop” obstruction for giving stream 
equal velocity on leaving tip. Note wire- 
reinforced pick-up hose construction. 


WRITE FOR LITERATURE GIVING FULL DETAILS. 








Liquid within the Nozzle, and discharges the 
combined ingredients as Foamite Airfoam thru 
the nozzle tip. 


Foamite Airfoam Liquid is a highly concentrated 
proteinaceous material of vegetable origin. It is 
protected against freezing to 15°F; will operate 
with fresh or salt water; with hot or cold water; 
will not ferment or mold; is not susceptible to 
decomposition from. bacteria; is non-corrosive 
to metals. 


The Foamite Airfoam-Generating Nozzle is fur- 
nished in two capacities, Models 300 and 600 
producing at 100 psi operating pressure, ap- 
proximately 300 and 600 gallons of Foamite 
Airfoam respectively. 


“Patents pending on this new Foamite 
Airfoam-Generating Nozzle. 


Foamite Airfoam- 


Generating Nozzles, e 
Models 600 and 300. 


yimdnspn NMERICAN-LAFRANG BOAMITE 


FIRE PROTECTION 


ELMIRA - NEW YORK: U.S.A. 
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TABLE 3. Corrosion in distilled water saturated with carbon-dioxide-air mixtures 
at 35 psi pressure. 
Rates determined during 20-hr test period following initial 2-hr period. Velocity: 9-14 fpm 








Per cent COs and air in entering 80 per cent CO.— 


80 per cent CO.— 


Average corrosion rate 
70 per cent CO.— 





30 per cent CO.— 








ee eee 20 per cent air 20 per cent air 30 per cent air 70 per cent air 
WANES: 505 55.05 sod bees 135 C (275 F) 100 C (212 F) 70 C (158 F) 70 C (158 F) 
SC CET Ee ipy mdd ipy mdd ipy mdd ipy 
Meso ee adn tc hiobamneeek 4. 0.0008 Gain 
18-8 stainless steel (Type 304)... . 0.0 1 0.0002 
ON SERRE eee ‘ 0.0002 A. 0.0002 i. 0.0002 1 0.0002 
eee eee 12. 0.002 154. 0.025 538. 0.087 2 0.001 
ES rece ee 21. 0.003 185. 0.030 355. 0.058 45. 0.007 
70-30 copper-nickel............. 70. 0.011 72. 0.012 
55-45 copper-nickel........... : 72. 0.012 86. 0.014 
| SO a eae 33. 0.005 41. 0.007 43. 0.007 119. 0.019 
MT WD 6053 cave se wiccnen 87. 0.015 116. 0.020 
Mae eran coe canes 267. 0.054 257. 0.052 
EER nit eer oe scoy rrr 58. 0.012 627. 0.13 474.* 0.095 556. 0.11 








content averaged 7 per cent and nitrogen 
24.1 per cent. In Plant B, four samples 
showed carbon dioxide to vary from 16 
to 44 per cent, and nitrogen 58.2 per 
cent. In Plant B, seven samplings from 
other evaporator effects in which steam 
side corrosion did not occur, showed the 
carbon dioxide content of non-conden- 
sables to vary from 0.3 to 0.9 per cent 
with an average of 5 per cent, oxygen 
average 19.4 per cent, and nitrogen aver- 
age 75.6 per cent. 


Laboratory tests were made to deter- 
mine what conditions of carbon dioxide- 
air ratio were most conductive to attack 
on nickel by steam condensate. As steam 
condensate in an operating evaporator 
is condensed from the gas phase and 
thus may become saturated with the non- 
condensable gases present, the labora- 
tory tests could be made in water through 
which various gaseous mixtures of car- 
bon dioxide and air were bubbled in suf- 
ficient quantity to saturate the solution 
under the pressure and temperature con- 
ditions selected. Movement of the con- 
densate over the tube surface was simu- 
lated by moving the test specimens at a 
velocity of 8 to 14 fpm. 

Tests were made in a closed autoclave 
at various temperatures under 35 psi 
gauge pressure with some additional 
tests at 10 psi pressure. Mixtures of car- 
bon dioxide and air in the saturating 
gas were varied from 100 per cent CO,- 
zero air to zero CO,-100 per cent air in 
10 per cent intervals. Both distilled water 
and tap water were used in tests. Table 


2 gives the results of 20-hr tests in the 
distilled water-gas mixtures at 70 C (158 
F) and 120 C (248 F). 


Early in the work it was discovered 
that the corrosion rate of nickel was 
somewhat increased by the presence of 
dissolved iron in the steam condensate. 
Consequently, additional tests were made 
in which samples of ingot iron were pres- 
ent in the test solutions at the time nickel 
was tested. although separated galvan- 
ically from it. The results of these tests 
also are given in Table 2. For compari- 
son with nickel, tests of some other met- 
als and alloys were made under several 
of the most corrosive conditions. Results 
are shown in Table 3. 


From this test work, the following con- 
clusions were drawn: 

1. Appreciable corrosion of nickel can 
be expected in steam condensate satu- 
rated with mixtures of carbon dioxide 
and air under 35 psig, where the percent- 
age of carbon dioxide in the gas mixture 
is between about 95 per cent and 55 per 
cent. With higher or lower carbon diox- 
ide percentages in the mixture, corrosion 
is negligible. 

2. The presence of dissolved iron in 
the condensate can be expected to extend 
the critical range to include mixtures of 
non-condensables containing 40 per cent 
CO, and 60 per cent air. 

3. In these critical ranges corrosion of 
nickel is greater in condensate at 70 C 
than it is at 120 C. 

4. Corrosion is considerably greater 
under 35 psi pressure than under 10 psi 








TABLE 2. Corrosion of nickel in distilled water saturated with carbon dioxide-air 
mixtures at 35 psi pressure. 
Rates determined during 20-hr test period following initial 2-hr period. Velocity: 9-14 fpm 








Noiron in 


—_—_— water: 
-—At 70 C (158 F)———At 120 C (248 F) 


Percentage*of carbon dioxide and. 


Average corrosion rate of nickel 











Dissolved iron present— 


At 70 C (158 F)-——At 120 C (248 F)— 








air in entering gas mixture mdd ipy 
100 per cent COox— Oper cent air 4. 0.0006 
90 per cent CO2— 10 per cent air 153. 0.025 
80 per cent COx— 20percentair 352. 0.057 
70 per cent COo— 30 per cent air 538. 0.087 
60 per cent CO2— 40 per cent air 138. 0.022 
50 per cent CO:— 50 per cent air 8. 0.0013 
40 per cent COo— 60 per cent air 8. 0.0013 
30 per cent COo— 70 per cent air 7. 0.0011 
20 per cent CO2— 80 per cent air 
10 per cent COs— 90 per cent air 4. 0.0002 
0 per certt CO2—100 per cent air 0.0 


mdd ipy mdd ipy mdd ipy 
5. 0.0009 1. 0.0002 1. 0.0002 
107. 0.017 

42. 0.007 249. 0.040 85. 0.014 
19. 0.003 112. 0.018 
20. 0.003 554. 0.090 73. 0.012 
10. 0.0016 561. 0.091 130. 0.021 
58. 0.009 111. 0.018 

14. 0.002 
r 0.001 . 8. 0.0013 
0.0 2 0.0003 1. 0.0002 
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pressure, due to the greater solubility of 
the gases at the higher pressure. 


5. Corrosion rate of nickel in steam 
condensate frequently decreases with 
time and sometimes does not occur at all 
due apparently to build-up of a protec- 
tive film. Under the most corrosive con- 
ditions, however, this film cannot be de- 
pended upon and long time rates well 
over 100 mdd likely are to be encoun- 
tered. Such rates are high enough to ac- 
count for the observed corrosion of evap 
orator tubes. 


Any treatment of the steam that would 
keep the composition of non-condensable 
gases in the safe range of carbon-dioxide 
content would prevent corrosion of nick- 
el. This could be accomplished by: Com- 
plete removal of all non-condensables; 
complete removal of oxygen; or removal 
of sufficient carbon dioxide or addition 
of enough air to keep the carbon dioxide 
concentration below 40 per cent. 


In practice, the problem was solved in 
one plant by the installation of boiler 
feed water deareators and by proper 
venting of -non-condensables from the 
steam section of evaporators. In another 
plant it was not practicalto improve the 
steam and the problem was solved by 
substituting inconel for nickel. Inconel is 
almost as resistant to caustic as nickel 
and is resistant to the critical composi- 
tions of steam condensate. 


@ Case 5. Effect of an inhibitor. This 
case involved the unexpected corrosion 
of 5 per cent nickel steel tubes in a black 
liquor evaporator in a Kraft pulp mill. 
In the No. 1 exaporator body black liq- 
uor was evaporated at 245 F to a gravity 
of 30 Bé (at 60 F). Steam pressure was 
35 psi. The evaporator was equipped 
with 400 tubes, each 2 in. OD by 10 
gauge by 22%% ft long. These tubes were 
giving a life of 10 to 12 months, showing 
a corrosion rate several times that experi- 
enced in some other plants. 


Laboratory tests were made in samples 
of black liquor from this plant as well 
as from another plant where 5 per cent 
nickel tubes were giving good perform- 
ance. These were 20-hr tests at 240 F 
and 200 fpm velocity. 


The liquor from this plant gave a cor- 
rosion rate of 333 mdd (0.062 ipy), 
whereas that from the other gave only 5 
mdd (0.008 ipy). This difference in per- 
formance could not be accounted for by 
the customary analyses for caustic and 
sulphide contents. In fact the samples 
showing the low corrosion rate contained 
more sulphide than the other. 


Samples of two black liquors of similar 
strength were obtained from another 
plant and corrosion rates of 5 per cent 
nickel steel did not exceed 6 mdd in 
either sample in 48-hr tests at 245 F and 
velocities up to 430 fpm. Glass insulators 
were used with specimens in these tests, 
which may have been the cause of low 
corrosion rates as discovered in later 
work, 

With the thought that wear of tubes 
may have been due to abrasion by en- 
trained solids in the black liquor, addi- 
tional samples were obtained from an- 
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GAS TO BURN...but how? 


An open flare is one way to burn gas... but 
an expensive waste of natural resources, too. 
Yet billions of cubic feet of gas...‘‘sour” gas 
which has too much hydrogen sulphide to be 
commercially usable...are burned this way 
in this country every year. 

The FLUOR Glycol-Amine Gas Treating 
Process converts “sour” gas into a useful 


source of fuel by removing the excess hy- . 


drogen sulphide to within pre-determined 
limits. Gas thus treated is guaranteed to 


meet the Bureau of Standards Lead Acetate 
Test, in accordance with Government Regu- 
lations. 

The cost of treating “sour” gas by the 
FLUOR Glycol-Amine Process is low 
enough to leave a comfortable margin of 
profit at lowest rates for bulk distribution. 

Owners and operators of gas producing 
properties will find it to their advantage to 


submit gas-treating problems of all kinds to , 


FLUOR. 


FLU OR 6LyCOL-AMINE GAS TREATING PROCESS 


PATENTED 


THE FLUOR CORPORATION LTD., 2500 South Atlantic Boulevard, Los Angeles 22 
NEW YORK © PITTSBURGH © KANSAS CITY ; HOUSTON © TULSA + BOSTON 


ENGINEERS « MANUFACTURERS - CONSTRUCTORS 
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TABLE 4. Corrosion by 45 per cent sulphuric acid with and without 1.5 gpl copper 
at 250 F. 
Velocity of specimens: 1728 rpnr (200-1000 fpm). Duration of tests: 18 hr 





Material 


C opper dhe Wile ich co ei Aca 95r.6 65: Gs Sch CROs Berea Ore ES whee 
Oe es Oe ION oo isdinied. ce ose ot00n- ced mombennomees 
60 Ni 32 Mo, a rrr rer er re 
51 Ni, 19 Mo, 17 Cr, SW, ern ss 
85 Ni, 10 Si, 3 Cu alloy LIE LL SOMO LE A Re 
63 Ni, 30 Cu, rere rere re 
60 Ni, 21 Cr, 6 Mo, 4 Cu, 1 W, 6 Fe alloy............seeees 
22 Ni, 19 Cr, 3 Mo, 1 Cu, 1 Si ‘alloy Re ne ee 
24 Ni, 20 Cr, 3 Mo, 3.25 Bi, 2 Cuallloy.......... secs eeceee 
FE Or IN ion ono enendnccssceccineswnadeesesesenss 





Average corrosion rate———_—- 
C.P. acid solution with 1.5 


C.P. acid solution with gpl enagee x added as 
CuSO, 





——-no copper - 
mdd ipy mdd ipy 
ace ne 6550. 1.06 ae vie 
ee oatas 83. 0.014 5800. 0.95 
bc tureas 540 0.084 1230. 0.19 
Selecnactia 365 0.059 2360. 0.38 
70 0.013 2790. 0.51 
ipa 296 0.048 3280. 0.54 
niaaanen 635 0.11 7850. 1,37 
catagke 280 0.052 6000. 1.10 
ediceees 725 0.13 5850. 1.10 
pakaee 0.004 9. 0.002 








other plant where solids were high. In 
one sample solids were filtered out and 
the other used as received. Corrosion 
rates in both samples were approximate- 
ly 150 mdd in 48-hr tests at 255 F, but 
rates were slightly higher at a velocity 
of 25 fpm than at 475 fpm, indicating 
that abrasion by solids was not the im- 
portant factor. 


Koroseal insulators were used in these 
tests; however, in some preliminary tests, 
glass insulators were used. The glass 
parts were corroded rapidly by the hot 
caustic, but it was noted that corrosion 
rates were very low when they were used. 
In 96-hr tests in the unfiltered liquor 
containing 12 grams dissolved glass, at 
255 F and 475 fpm velocity, corrosion 
rates did not exceed 6 mdd. 


Further investigation showed that the 
presence of dissolved silicates can be a 
potent inhibitor of corrosion in Kraft 
black liquors, both with alloy steel and 
mild steel, and that variations in the 
normal occurrence of silicates could well 
account for differences in corrosion by 
these liquors from plant to plant. 


@ Case 6. Effects of velocity and con- 
tamination by corrosion products. In 
another case an oil refinery experienced 
unexpectedly severe corrosion of the bub- 
ble caps and plates of a copper bubble 
tower handling a 45 per cent sulphuric 
acid solution at 250 F, and also of a 60 
per cent nickel, 32 per cent molybdenum, 
6 per cent iron alloy pump handling 
the acid from this tower. Prior to in- 
stallation of this equipment corrosion 
iests had been made which showed a cor- 
rosion rate of 0.022 ipy for copper and 
which appeared to them to be low enough 
to justify its installation. Other tests with 
nickel-molybdenum alloy in the pure 
acid solution, apparently at low velocity, 
had shown a corrosion rate of 0.009 ipy 
for this material. 

The original tests had apparently 
failed to take into account the high ve- 
locity conditions existing through bubble 
caps and plate openings, and the fact 
that the corrosion rate of copper in sul- 
phuric acid solutions is greatly increased 
by high velocity conditions. At any rate 
these parts failed quickly. Furthermore, 
solution of the copper in the acid built 
up the copper sulphate content of the 
acid to the point where it corroded the 
nickel-molybdenum alloy pump rapidly. 
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Corrosion of this material is increased 
considerably by the presence of oxidiz- 
ing salts in acid solutions, and also by 
high velocity conditions. 


In order to demonstrate that these 
were the factors causing the high corro- 
sion rates, it was necessary to make a 
number of laboratory corrosion tests in 
45 per cent sulphuric acid at 250 F, with 
and without copper additions, under high 
velocity conditions. Analysis of the plant 
acid showed that it contained 1.54 grams 
per liter copper as copper sulphate so 
that amount of copper was added to the 
laboratory solutions. High velocity con- 
ditions were obtained by mounting the 
test specimens on a stirrer shaft turning 
at 1725 rpm so that velocities over the 
width of the specimens varied from 200 
to 1000 fpm depending upon the distance 
from the center of the stirrer shaft. Dura- 
tion of tests was 18 hr. A number of 
other alloys were also tested to determine 
which materials would be most likely to 
give satisfactory performance under the 
plant conditions. The results are given 
in Table 4. Two specimens of each ma- 
terial were tested and the average is 
shown. 


Check tests with the nickel-molybden- 
um alloy in plant acid containing 1.54 
grams per liter copper and at 1725 rpm 
gave an average corrosion rate of 1240 


mdd. 


These tests showed the accelerating ef- 
fect of combined copper content and 
velocity and revealed that the only suit- 
able alloy for use as a pump under the 
conditions would be 14.5 per cent silicon 
cast iron. The tests in pure acid also 
showed the strongly accelerating effect 
of velocity on the corrosion rate of cop- 
per, and to a lesser extent on the nickel- 
molybdenum alloy. 


@ Case 7. Effect of temperature. This 
case stemmed from a request for the sug- 
gestion of a better composition of cast 
iron to withstand corrosion encountered 
in 24-in. pipe lines used to carry sulphur 
dioxide from sulphur burners to coolers. 
The design of the plant was such that 
primary cooling of the gases was sup- 
posed to occur in these lines. The cast- 
iron lines suffered severe corrosion with 
the formation of thick layers of iron sul- 
phate that had to be removed at intervals. 

After considering the details of the in- 
stallation, the conclusion was reached 


that the iron pipes were operating with 
the inner surfaces at temperatures be- 
low the dew point of the sulphuric aci: 
formed along with the sulphur dioxide. 
The accumulated layers of corrosion 
products appeared to aggravate the con. 
dition by absorption of the condensed 
acid. On this basis it was recommended 
that, instead of substituting another ma- 
terial for cast iron, the next set of pipes 
be installed with asbestos lagging on the 
outside. At first there was some opposi- 
tion to this on the part of the plant 
operators who naturally questioned the 
wisdom of insulating a pipe line that was 
supposed to act as a cooler. To overcome 
this objection the opinion was hazarded 
that the lagged pipes would be more effi- 
cient as coolers than the bare ones had 
been, based on the expectation that if 
the lagging was effective in preventing 
corrosion there would be no accumula- 
tion of corrosion products inside the 
pipes. It was felt that these corrosion 
products offered a greater barrier to heat 
flow than the lagging it was proposed to 
apply. 

The pipes were lagged as directed and 
over a prolonged period there was no 
further corrosion and the gases in the 
lagged pipes were cooled more than in 
unlagged parallel lines operating under 
similar conditions. Eventually all the 
units were lagged and this corrosion 
problem was eliminated permanently 
and at small expense. 


Additional examples could be cited in- 
volving practically all the metals and 
alloys. In some of these cases it would 
have been difficult to foresee ahead of 
time that the trouble would occur, based 
on the knowledge then available. In many 
of them, trouble could have been avoided 
by a careful consideration of the possible 
effects of all of the corrosion factors in- 
volved. In designing new process equip- 
ment, or in planning changes in opera- 
tion of existing equipment, it would be 
prudent to propose and answer for one’s 
self a number of specific questions de- 
signed to cover the possible sources of 
trouble. A suggested list of such ques- 
tions has been provided by S. W. Shep- 
ard. When unexpected corrosion does 
occur in spite of diligent efforts to avoid 
it, usually there is no substitute for a 
thorough corrosion testing program de- 
signed to eliminate the various possible 
causes until the responsible one is found. 
The time devoted to such test work is 
well spent since it adds to the fund of 
knowledge that can be applied to future 
problems. When made available, it will 
assist others in avoiding similar diffi- 
culties. 

The authors wish to acknowledge the 
help provided by Dr. W. A. Wesley and 
his associates in the International Nicke] 
Company, Inc., research laboratory, 
Bayonne, New Jersey, where all of the 
laboratory corrosion studies were made. 
@ Nomenclature. 

mdd = mg. per sq. dm. per day 

ipy = inch penetration per year 
@ Literature cited. 


1. Shepard, S. W., Chem. Met. Eng. 53, No. 4. 
217-226 (1946). xk * 
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For Today’s 
Tough Service Demands 





EFFICIENT AND DEPENDABLE 
STEAM GENERATION 
Vogt steam generating units are designed to 
give maximum rating in a minimum of space 
with high efficiency and low maintenance ex- 
pense. Bent tube types and straight tube, 
forged steel sectional header types to burn 
solid, liquid or gaseous fuels, as Jesired, meet 
every power, heating or process requirement. 





PROCESS EQUIPMENT FOR 
EVERY SERVICE 

Stills, towers, oil chilling machines, filter presses, 
heat exchangers, etc. are constructed to all 
Codes. They meet all demands for operating 
security and trouble-free performance and help 
to lower costs in important process industries 
around the world, 





SPECIAL MATERIALS FIGHT CORROSION 

AND PRODUCT CONTAMINATION 
Our modern shops produce a wide variety of 
equipment made from special metals and alloys 
to combat corrosion, and product contamination 
or discoloration. Fabrication procedures em- 
ployed insure that corrosion reslstant properties 
of welds will match that of the materials from 
which units are constructed. 





MORE TONNAGE AT LESS COST 
Over 60 years of manufacturing experience, 
engineering and research stand behind Vogt 
refrigerating and ice making machinery. Ab- 
sorption Systems, Compression Systems, and the 
Automatic Tube-Ice Machine in a wide range of 
capacities serve in leading petroleum refineries, 
chemical plants, ice and cold storage plants, 
dairies, packing plants, etc., at home and duet 





OROP FORGED FOR EXTRA TOUGHNESS 
AND LONG-TIME SERVICE 
Vogt valves, fittings and flanges, for top per- 
formance in oil, water, air, gas, and ammonia 
services, at high or low pressures and tempera- 
tures, are available drop forged entirely from 
carbon steel or stainless steel. Valves can be 
furnished in a combination of materials by 
using stainless steel for parts affected by service 
temperature or corrosion, and less expensive 
alloys or carbon steel for other parts. 





Air View of Vogt Plant 


HENRY VOGT MACHINE CoO. 
LOUISVILLE 10, KENTUCKY 
BRANCH OFFICES: NEW YORK, PHILADELPHIA. CLEVELAND, CHICAGO, ST. LOUIS, DALLA 
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Heat transfer coefficients for 


condensing hydrocarbon vapors* 


By DANIEL A. DONOHUE, The Lummus Company 


@ Abstract. A simplified form of the 
Nusselt equation h,, = C(L/w)* is 
presented for calculating heat transfer 
coefficients for hydrocarbon vapors 
condensing on horizontal tubes. This 
simplification results from the observa- 
tion that the term 0.955 (k,°p,_?g/p_) 
in the Nusselt equation is approximate- 
ly constant over the usual condensing 
temperature range for the hydrocar- 
bons considered. Since solution requires 
that only the condensate loading w/L 
be known, the necessity for looking up 
values of the physical properties k,, pr, 
and jy at the pertinent film tempera- 
ture is obviated; this results in an easy, 
direct, time-saving method. Application 
of this equation to commercial design 
is illustrated. 


True theoretically derived Nusselt re- 
lations® for calculating the heat trans- 
fer coefficient of condensation on hori- 
zontal tubes are used for designing 
commercial condensers. The relations 
are in two forms; the first is in terms 
of temperature difference At: 

hn = (0.725 (k,°p_?gA/Nu,AtD) % 

che a: cit doceaidees decal mie Sec hoe 

and the second is in terms of conden- 
sate loading w/L: 

hm = 0.955 (k,°p,?gL/pyw) ” . (2) 

Where: 

D = outside tube diameter, ft, 

g = acceleration of gravity = 4.17 
108 ft/hr?, 

h,, = mean value of the coefficient of 
heat transfer for the entire tube 
bundle, Btu/ (hr) (sq ft) (°F), 

k, = thermal] conductivity of conden- 
sate at average film tempera- 
ture, Btu/(hr) (sq ft) (°F) /ft, 

L = horizontal tube length, ft, 

N = number of tube rows in a verti- 
cal condensing stream, 

ty = average film temp. = [ (condens- 
ing vapor temp.--tube wall 
temp.) /2], °F, 

w = rate of flow of condensate from 
lowest point on condensing sur- 
face, lb/hr, 

At =temperature difference between 
the dew point of the condens- 
ing vapor and the outer tube 
wall temperature, °F, 

\ = latent heat of condensation at 
saturation temperature, Btu/lb, 

*Reprinted from Industrial and Engineering 

Chemistry, Vol. 39, page 62, January, 1947. 
Copyright 1947 by the American Chemical So- 


ciety and reprinted by permission of the copy- 
right owner, 
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fe = Viscosity of condensate at aver- 
age film temperature, lb/(hr) 
(ft), 


pe =density of condensate at aver- 
age film temperature,, lb/cu ft. 


Several charts’*»? essaying rapid so- 
lution of the above equations have been 
presented. However, it should be point- 
ed out that charts devised to solve equa- 
tion (1), which require substitution of 
the value of temperature difference At, 
are not desirable for design use, be- 
cause. At is not readily known and 
must be determined by trial and error, 
and this necessitates more than one so- 
lution of the problem. On the other 
hand, equation (2) requires substitu- 
tion of the value for condensate load- 
ing w/L and, since this value is known 
at the outset, only one solution is neces- 
sary. Therefore, equation (2) is the re- 
lation suitable for condenser design. 

Constant values for the term 0.955 
(k,?p;?g/p,)* were observed for hy- 
drocarbons and for petroleum fractions 
over the usual condensing temperature 
range. For this commercially important 
case the heat transfer coefficient may 
be expressed as 

h, =C(L/w)%. . ... - (3) 
wherein the constant C, which equals 
0.955 (ke°p;,?g/p-), is characteristic 
of the compound. Equation (3) is the 


simplest and most facile means of solu- . 


tion of the condensation equation yet 
developed, since the only required 
quantity is condensate loading w/L, 
which is immediately available, and 
search to obtain the values of the physi- 
cal properties k,, p;, and py, at the ap- 
propriate film temperature is unneces- 
sary. The superiority of equation (3) 
as a ready means of calculating heat 
transfer coefficients for condensing hy- 
drocarbons becomes apparent by com- 
parison with the references listed?»?>7. 


@ Constancy of physical properties. It 
was noted for pure hydrocarbons and 
for petroleum fractions that, as the re- 
sult of the fortuitous combination of 
physical properties, the value of the 


term 0.955 (k;,°p;"g/u,) remained 
constant within +10 per cent through- 
out the temperature range for each in- 
dividual compound. 

Table 1 lists calculated values of this 
term for the parafin hydrocarbons 
shown throughout the indicated tem- 
perature range. Viscosity values from 
Drickamer and Bradford’, density 
values from Nelson‘, and thermal con- 
ductivity values from Smith® were used; 
since measurements of thermal conduc- 
tivities are available only over the 
range 68 to 212 F, values at other tem- 
peratures were obtained by extrapola- 
tion. 

Table 2 lists calculated values of 
0.955 (k;,°p,’g/u,)% for three typical 
petroleum tractions throughout the in- 
dicated temperature range. Viscosity 
values from Nelson, density values 
from Nelson‘, and thermal conductivity 
values from Smith® were used. 


@ Simplified condensation equation. 
Referring to equation (3), C repre- 
sents the average value of 0.955 
(k,p,°g/p~) * for each compound list- 
ed in Tables 1 and 2. The value of C 
for pentane and for the 76.5 deg. API 
natural gasoline is 755. For these com- 
pounds equation (3) becomes 

h,, = TiS(L/w)% . .... (4) 

A chart that may be used for solving 
this equation is given in Fig. 1; to use 
it, w/L must be known, or, if L is 16 
ft, only w need be known. Using equa- 
tion (4) or Fig. 1 as a basis, heat trans- 
fer coefficients for the other compounds 
can be obtained by multiplying by the 
following factors: 


Vapor compn. Chart multiplier 
- RO eee 1.0 
een 0.95 
Dak nishaexeacnnsaaten 0.93 
SR rearrere 0.87 
| EES Seer 0.86 
Se eee 0.83 

TRI 0 5sccccnssicceses 1.6 

REN kids dinsiansinsnncsens 0.9 
— ere 0.88 


@ Adaptation to design. An experi- 
mental investigation of a small tube 
bank® indicates the suitability of the 
Nusselt relation for design use. This re- 








TABLE 1—Values of C in Equation 3 





tf Cs Ce Cs Cio Ci: Cu 
50 780 728 668 aes ore Ze 

100 780 746 698 625 ae 

150 780 755 713 662 609 Patt 
764 763 733 679 650 607 
748 741 728 695 667 625 
738 728 713 687 672 652 
ae 713 678 662 675 655 


SessSee 








TABLE 2—Values of C in Equation 3 





76.5° API 57° API 42° API 

tf Natural Gasoline Gasoline Kerosine 
50 727 aes Sai 
100 762 667 eas 
150 785 696 621 
200 806 699 664 
250 bed 704 676 
300 oats 702 684 
350 oe 675 
400 665 
450 652 
500 628 
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INGERSOLL-RAND EQUIPMENT 
for the PETROLEUM INDUSTRY 


gy * Compressors... 


Ingersoll-Rand 4-cycle, V-angle, gas-engine- 
driven compressors include nine sizes ranging 
from 75 to 1000 horsepower. For all services the 
I-R line of compressors is complete, from ™% to 
3000 horsepower for pressures to 15,000 Ib... any 
type of drive...Gas Engines from 185 to 1200 
horsepower. 


@ “Jurbo Slower... 


The Ingersoll-Rand line offers operators a com- 
plete range of turbo-blowers for catalytic crack- 
ing units and other refinery and gas services where 
turbo compressors offer the best solution to the 
problem. Sizes range from 2 to 21,000 horsepower 
for capacities up to 125,000 cubic feet per minute. 


— a Ee eee 
> 


There is an I-R Cameron pump for every pipe 
line and refinery application—single and multi- 
stage pumps—horizontal and vertical—pumps for 
high temperatures and pressures—pumps to han- 
dle any liquid. Any type of drive will be furnished 
to meet your specifications. Cameron Shaft Seals 
available for all types. 


54 Vacuum Equipment ... 


I-R vacuum equipment for refineries include 
steam-jet ejectors for vacuum distillation; sur- 
y face, barometric, and jet condensers; steam-jet 
— ; 7 water vapor refrigeration units; and a complete 
 :| line of reciprocating dry vacuum pumps. Our 
experience in thousands of successful vacuum 
equipment installations is available to you. 















ersoll-Rand 


11 BROADWAY, NEW YORK 4, N. Y. 14-975 





ROCK DRILLS - 





zing 
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GET ACCURATE RESULTS 
Quickly . . Easily . . with 
CURTIN CENTRIFUGES 





You can maintain your required 
speed for the period of the test with 
much less effort. Curtin centrifuges, 
proven world-wide, are heavy duty, 
rigidly constructed, and extremely 
simple in design. Illustrated bulletin, 
giving full details, available upon 
request. 


WH-C N«CO. — 


HOUSTON TEXAS .. . NEW ORLEANS LA. 
















tot 
PETROLEUM PRODUCTS 


Write for 
Bulletin 
102— 
Pumps for the 
Petroleum 
Industry 


It will tell you why 


BLACKMER ROTARIES 
are SELF-ADJUSTING FOR WEAR 


GATHERING PUMPS 
REFINERY PUMPS 
BULK STATION AND 


TRUCK PUMPS 

HAND PUMPS 

| SUCTION LINE 
ry STRAINERS 


Capacities to 750 GPM. 
Pressures to 300 psi. 


BLACKMER PUMP COMPANY 
19°9 Century Ave., Grand Rapids 9, Mich. 


SERVING THE PETROLEUM 
INDUSTRY FOR 40 YEARS 
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FIG. 1. Condensation of hydrocarbon 
vapors on horizontal tube banks. Heat 
transfer coefficient. 
h = coefficient of heat transfer, 
BTU 
(hr) (sq ft) (deg F) 
L. = tube length, feet. 





w = maximum condensate flow in a 
lb 
(hr) (tube) 





vertical stream, 





lation is applicable only to streamline 
flow of condensate on the tubes, Rey- 
nelds number less than 2100; but on 
horizontal tubes condensate flow rarely 
exceeds this value. The Reynolds num- 
ber for horizontal tubes is: 


Nre = D.G/p,; = 2w/p,L . . (5) 
Where: 


e = equivalent diameter of flow 
area, ft, 


G = mass velocity, lb/ (hr) (sq ft), 
Npe = Reynolds number 


To determine w the total flow of con- 
densate is divided by the number of 
vertical condensing streams. For the 
case of a tube bundle having a rec- 
tangular cross-section, the number of 
vertical condensing streams would be 
equal to the number of tubes in a hori- 
zontal row if an “in line” tube spacing 
were used; if a staggered arrangement 
were used, it would be twice this num- 
ber. In practice tube bundles of circu- 
lar cross section are used; to resolve into 
a square bundle, the number of tubes 
at the horizontal diameter is multiplied 
by 0.886 when the pitch is in line and 
by 1.77 when staggered pitch is used. 


For example, a shell-and-tube con- 
denser was used to condense 43,000 lb 
per hr of pentane vapor at 140 F un- 
der an operating pressure of 15 psig. 
The unit used was a shell of 28-in. OD 
having 580 34-in. OD tubes on 48-in. tri- 
angular pitch, 16 ft long. The number 
of tubes at the horizontal diameter was 
27, and the average number of vertical 
condensing streams was 1.77 27 = 48. 


w = 43,000/48 = 896 and a value of 
h,» = 203 is read from Fig. 1. The Rey- 
nolds number may be calculated from 
equation (5): 


Nae = 2w/pyL = 2 X 896/0.436 K 16= 
258, which shows that the condensate 
was in streamline flow. 


@ Literature cited 
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THESE a 
UP-FIRED | , 
OIL BURNER || 
UNITS 











THIS HANDY 
PIPE WRENCH 




































SECONDARY ~ SECONDARY FE ois oe 
AIR AIR : UNCONDITIONAL GUARANTEE 


If this Housing ever 
Breaks or Distorts we 
will replace it Free 


TOPE TOIT 
THE RIDGE TOOL CO, 
ELYRIA, O 





f 
BURNER BLOCK’ 


PRIMARY AiR 


FUEL OL 
BURNER - 


OFFER 4. DISTINCT | 
ADVANTAGES... | 


I. Easy to light off on a cold setting. 


Guarantee | 


Easy to adjust for most desirable flame characteristics 
® throughout a wide capacity range. 


no housing repairs or 
expense at all—ever 


@ For your worker— comfort grip I-beam 
handle he can throw his weight around 


Assure smokeless combustion with a minimum of excess 
® combustion air and stack draft. 





Provide stability of ignition with a bright flame to 
4, insure the maximum transfer of heat by radiation to 





wall tubes. 2 : ° ca 

with; adjustment nut that spins easily in 

ONE SATISFIED REFINER-. all sizes, 6" to 60"; pipe scale on hookjaw | 

| that fits it to pipe without time waste. For | 

OWNER Aay4: poy your business — guarantee against warp | 
coils or on or break of housing, no replacement ex- 
“We have used this oil burner unit in our asphalt flat surfaces. pense and bother, fewer spares needed 
heater almost continuously for over six years. Its all : 
around performance has exceeded our original expec- plus profit from fast, easy work. Follow the lead of 

tations. Our operators are enthusiastic about it. We . . Wi — 

are specifying it for several up-fired stills that we are enthusiastic users of millions of Rigal> tools —ask 
about to build.” your Supply House for these efficient pipe wrenches. 





The advantages of these Oil Burner Units are time and 
money-savers ...Can your plant afford to be without them? 




















Main Offices & Factory: 1259 EAST SEDGLEY AVENUE, PHILADELPHIA 34, PA. 
Texas Office: 2ad National Bank Bidg., Houston 
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Identification of sulphur 
compounds in gas mixtures* 


C. §. OLDACHT and EDMUND FIELD 


Ammonia Department, E. |. du Pont de Nemours and Company, Inc. 


@ Abstract. A sensitive method for 
identification and quantitative determi- 
nation of sulphur compounds present in 
gas mixtures depends on differences in 
solubility of the sulphur compounds in 
an inert solvent. A complete analysis 
involves both an absorption and a strip- 
ping run in a multiple-plate saturator. 
The total sulphur content of the gas 
leaving the saturator is plotted against 
gas volume. A stepwise curve results, 
wherein the gas volume at which the sul- 
phur concentration changes abruptly is 
characteristic of a specific sulphur com- 
pound and the magnitude of the change 
is a measure of the concentration of that 
compound. As yet an exhaustive evalua- 
tion of the method to determine its ac- 
curacy has not been made, but identifi- 
cation runs on partially purified manu- 
factured gas and coke-oven gas are pre- 
sented, the results of which are in general 
agreement with pervious industrial ex- 
perience. 


Tue problem of completely removing 
sulphur compounds from gases is fre- 
quently encountered, particularly in cat- 
alytic processes. The most suitable 
means for effecting sulphur removal de- 
pends on the types present. Hydrogen 
sulphide is the most common form of 
sulphur encountered, but it is usually 
accompanied by relatively small concen- 
trations of such organic sulphur com- 
pounds as carbonyl sulphide, carbon di- 
sulphide, and mercaptans. A new method 
has been developed for identifying and 
tetermining the concentration of these 
organic sulphur compounds when pres- 
ent in concentrations of a few parts per 
million. The technique is based on dif- 
ferences in solubility in an inert solvent 
used in conjunction with a highly sensi- 
tive analytical method.*:? It is applicable 
not only to sulphur compounds but to 
any other class of compounds for which 
a sufficiently sensitive analytical method 
is available. 

The accuracy and reliability of this 
method of identification have not been 
demonstrated on gases of known compo- 
sition. Because of time limitations, the 
plant tests were made after only quali- 
tative evaluation of the method on known 
gas mixtures. However, the results ob- 
tained on partially purified manufac- 
tured gas and coke-oven gas are in suf- 
ficient agreement with previous experi- 
ence in the industry* to justify presen- 
tation at this time. 

@ Theory. The successful method here- 

*Published in Industrial and Engineering 
Chemistry Analytical Edition, November, 1946. 
Reprinted by permission of copyright owner, 
The American Chemical Society. 


tPresent address, E. I. duPont de Nemours 
& Co., Inc., Belle, West Virginia. 
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in presented is based on the following 
theory: 

Henry’s law generally applies to the 
solubility of gases in inert liquid at low 
concentrations. This law states that at 
equilibrium the concentration of a gas 
that will dissolve in a solvent is directly 
proportional to the partial pressure of 
the gas over the solvent. 

p= H Tx 
Where: 
p= partial pressure of solute over 
solution, 
Hy = proportionality constant at tem- 
perature T, 
x = mole fraction of solute in solvent. 


In the present application the sulphur 
componds studied follow closely Raoult’s 
law, which is a special case of Henry’s 
law in which the proportionality con- 
stant is equal to the vapor pressure of 
the pure solute: 


Betis. . st te we s HH 
Where: 
Pr = vapor pressure of pure solute at 
temperature 7. 

Since the partial pressure of a com- 
ponent in a gas mixture is equal to the 
product of its mole fraction and the total 
pressure, 

Wey e tc we esi ssn & 
Where: 
P = total pressure 
y = mole fraction of solute in gas phase. 

Combining equations (1) and (2) at 
equilibrium one mole of solvent will con- 
tain: 


a; a ne ae ieee 
Pr 


Let n equal the number of moles of 
gas of composition, y, containing this 


number =? of moles of solute. 


Then: ; 
Py ‘ 
ny ~_ of solute in n moles of 
T 
OM sexnws ean ss & 
or 





n= | aie Gem ...s« @ 
Pr 

Thus the quantity of gas, n, which con- 
tains as much solute as one mole of liq- 
uid in equilibrium with it is dependent 
only on the ratio of the total pressure 
to the solubility coefficient or in this case 
the vapor pressure of the pure solute at 
the temperature in question. On the basis 
of a material balance, n is therefore the 
minimum quantity of the gas sample 
which could be used to saturate one mole 
of liquid with the solute and is a unique 
function of the solubility of this solute 
in the liquid. Hence an experimental de- 
termination of n reveals the solubility 
(or vapor pressure) of the solute. In the 
case of organic sulphur compounds this 
is usually sufficient to identify them. The 
relationships are the same, regardless of 
whether a liquid is being saturated by 
absorption of a component from a gas, 
or a gas in being saturated by stripping 
a component from a liquid. 


To determine these minimum gas 
quantities experimentally, it is necessary 
to have an efficient apparatus for con- 
tacting the liquid and gas, so that when 
absorbing the sulphur from a gas at 
least 80 to 90 per cent of the liquid in 
the saturator can be saturated with the 
sulphur compound at the inlet gas com- 
position before any of the compound ap- 
pears in the exit gas, or when stripping 
sulphur from a liquid 80 to 90 per cent 
of the saturated liquid will be stripped 
of a given sulphur compound before the 
sulphur concentration in the exit gas 
drops below the original saturation 


value. Such an apparatus is described 
below. 


@ Equipment. A highly efficient satu- 
rator was constructed from twenty 60- 
cm (2-ft) lengths of 2 < 7 mm capillary 
tubing containing a total of 200 enlarge- 
ments as illustrated in Fig. 1. The sec- 
tions are connected by butt joints with 
neoprene tubing. The scrubbing liquid, 
No. 30 white oil obtained from L. Sonne- 
born Sons, Inc., is introduced at the inlet 
end of the saturator (through the liquid 








TABLE 1. Vapor pressure of common sulphur compounds, atmospheres. 











Temperature, C 
Compound Reference 
—20 —10 0 +10 +20 +30 +40 

Hydrogen sulphide....... 5.39 7.53 10.3 13.6 17.7 22.6 28.3 (3) 
my] sulphide........ 3 43 6 8.2 11 14 18 (3) 
Methyl mercaptan........ 0.33 0.52 0.78 1.16 1.68 2.36 3.22 (3) 
Ethy' nouns Te 0.095 0.158 0.251 0.398 0.602 0.890 1.284 (9) 
Dimethyl sulphide........ 0.082 0.138 0.226 0.362 0.552 0.812 0.15 (5) 
disulphide. ....... 0.061 0.101 0.132 0.263 0.392 0.550 0.816 (5) 
TIED. oo ccccescccces 0.008 0.016 0.029 0.050 0.082 0.13 0.20 (7) 
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O MANY piping problems are solved 
with the use of welding fittings 
that it pays to see your Tube-Turn 
Distributor first. He handles the fitting 
that becomes part of the pipe. 
Tube-Turn welding fittings—engi- 
neered in design, built with closer toler- 
ances than code requirements, available 
in a wide variety of styles, sizes and 
materials—often offer just the right 
answer to what sometimes seems an 


AN EXAMPLE: 


y , 
ihis is a diesel € 


with Tube 
stock 


gine save 


multiply this by 1] 


weight « 


impossible problem. Welding fittings for 
example, permit extremely close nest- 
ing without flow loss. Tube-Turn weld- 
ing fittings have uniform wall thickness 
and full circularity which allows them 
being cut and used at odd angles. Or- 
der one, one-hundred, or a thousand 
Tube-Turn welding fittings of the same 
size and part number and they will be 
dimensionally uniform. They can be 
and are being used in production line 


y 


Turr 


Replac if 


7 | 


g castings 


los 


xhaust manifold outlet fabricated 


welding fittings taken out of regular 


eight such outlets to an ¢ 
per he Seeins little, but 
olake ME ZoltMiloh ZA LOM lol’ lait Mol mm i -Tole, 


rsepower 


ninated 


can be done!” 


assembly of equipment. 

For full information about the more 
than 4000 types and sizes in the com- 
plete line of Tube-Turn welding fittings 
and flanges—for details about the wide 
range of special metals and alloys—for 
the name of your nearest distributor, 
write to— 

TUBE TURNS, INC., LOUISVILLE 1, KENTUCKY 


District Offices at New York, Washington, D. C., Philadelphia, 
Pittsburgh, Detroit, Chicago, Houston, San Francisco, Los Angeles, 


TUBE-TURN Welding Fittings and Flanges 
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GAS VOLUME , CUBIC 


FIG. 2. Composition of blow-run gas, absorption run. 


charging tube) and distributed by pass- 
ing a stream of hydrogen through the 
saturator. A very small quantity of liquid 
is retained in each enlargement, thereby 
providing 200 static pools of solvent. The 
entire unit is immersed in a liquid bath 
thermostated to +0.5 C. A trap is pro- 
vided at the exit end to catch any excess 
liquid carried out of the saturator. 
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FEET (WET METER READING) 


GAS VOLUME, CUBIC FEET (WET METER READING) 


FIG. 4. Composition of coke-oven gas after 


preliminary scrubbing, absorption run. 


The exit gases were analyzed by con- 
verting the sulphur compounds to hydro- 
gen sulphide over alumina at 900 C fol- 
lowed by spectrophotometric determina- 
tion.?? 

@ Sample procedure and calculation 
for an absorption run. The saturator 
was charged with 48 ml of sulphur-free 
No. 30 white oil. The oil was distributed 


through the cells by means of cylinder 
hydrogen and the temperature adjusted 
to 14 C, Blow run gas from the genera- 
tors was sampled after hydrogen sul- 
phide removal in a Thylox unit by filling 
a stainless steel cylinder under pressure, 
and the analysis was started immediate- 
ly. The gas was passed through the satu- 
rator at a rate of 0.005 cfm and led 


THE PETROLEUM ENGINEER, Reference Annual, 1947 





























THE 














ATMOSPHERIC 
GAS COOLERS 




















THE PETROLEUM ENGINEER, Reference Annual, 1947 





ENGINE 
JACKET WATER COOLERS 





























@ Unprecedented demands upon the petroleum in- 
dustry for maximum production during the war years 
brought a greatly increased number of requests to 
Young Engineers for technical assistance on special- 
ized cooling problems. Resultant recommendations and 
equipment carried the backing of years of engineering 
skill and manufacturing experience. Now, with tomor- 
row’s requirements anticipated, Young dependable 
cooling equipment will play an important part in the 
petroleum industry, bringing greater efficiency at lower 
operating cost. Let Young Engineers have a look at 
your plant, check its efficiency and recommend im- 
provements. There is no obligation for this service. 


YOUNG | 


HEAT TRANSFER PRODUCTS 


OIL COOLERS + GAS, GASOLINE, DIESEL ENGINE COOLING RADIATORS + HEAT EXCHANGERS 

INTERCOOLERS * EVAPORATIVE COOLERS ENGINE JACKET WATER COOLERS 

GAS COOLERS + UNIT HEATERS ey CONVECTORS © CONDENSERS + AIR 

CONDITIONING UNITS © EVAPORATORS HEATING COILS * COOLING Coils 

AND A COMPLETE LINE OF AIRCRAFT HEAT TRANSFER EQUIPMENI 

YOUNG RADIATOR CO., Dept. 287-G RACINE, WIS., U.&.A- 
OIL FIELD DISTRIBUTORS 


Mid-Continent Area: The Happy Company, Drawer 770, Tulsa 1, Oklahoma 
West Coast Area: A. R. Flournoy Co., 5043 Santa Fe Ave., Los Angeles, Calif. 
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directly to the analyzer previously des- 
cribed?; total sulphur content was de- 
termined at frequent intervals. The vol- 
ume of treated gas was plotted against 
its sulphur content (Fig. 2). The total 
sulphur content of the unscrubbed gas 
was also determined and is shown by the 
dotted line. 

Identification of the sulphur com. 
pounds present depends on the volume 
of gas corresponding to each “break” in 
the curve. For convenience in calculat- 
ing the break volume, the vapor pres- 
sures of several common organic sulphur 
compounds have been collected in Table 
1. These values have been interpolated, 
extrapolated, or calculated where neces- 
sary to put the data in the form pre- 
sented. The calculated break volumes for 
possible sulphur compounds are indi- 
cated by the arrows on Fig. 2. When an 
increase in the sulphur content of the 
gas leaving the saturator occurs at a vol- 
ume corresponding to the calculated 
break volume for one of the sulphur 
compounds it indicates the presence of 
that sulphur compound and the magni- 
tude of the increase in sulphur content 
gives the concentration of that compound 
in the gas. 

The break volume for carbon disul- 
phide, for example, is calculated as fol- 
lows: 


ee be ee a 
Py = 0.308 atm for CS, at 14 C. 
P=1 atm. 
giving n = 3.25 moles of gas to saturate 
1 mole of oil with carbon disulphide. 


But 48 ml of oil were used (density 
0.77, average molecular weight 154) ; so 
the amount of oil was 


48 X0.77 

154 < 454 
pound mole. The amount of gas required 
to saturate the oil in the absorber is 
therefore 3.25 & 0.00529 — 0.00172 
pound mole of gas. Under the wet meter 


conditions this gives a calculated break 
volume of 


0.00172 X 359 X 


= 0.000529 


295, 760 

973 * 741 -+- 0.02 cu ft 
of free space in absorber = 0.70 cu ft. 
The presence of carbon disulphide in the 
gas shown in Fig. 2 by the sudden rise 
in total sulphur at approximately the 
predicted 0.70 cu ft break point. The 
amount of carbon disulphide is repre- 
sented by the increase in sulphur cor- 
responding to the break, or 0.6 grain of 


sulphur per 100 cu ft (1 grain per 100 
cu ft = 22.9 micrograms per liter) at 
standard temperature and pressure. 

The similarity in vapor pressure of 
hydrogen sulphide and carbonyl sul- 
phide makes it difficult to distinguish be- 
tween their break points. Hydrogen sul- 
phide was therefore determined inde- 
pendently (1 grain of sulphide per 100 
cu ft) by absorption in cadmium ace- 
tate, made acid with acetic acid, followed 
by iodometric titration.* Since the analy- 
sis of the gas at the end of the absorp- 
tion run was 7 + 0.3 grains of sulphur 
per 100 cu ft, it was not possible to 
detect the presence of small concentra- 
tions of any sulphur compounds less 
volatile than carbon disulphide. How- 
ever, by making a stripping run it was 
possible to determine the presence of 
any less volatile sulphur compounds be- 
cause as the sulphur concentration in 
the gas drops below 1 grain per 100 cu 
ft, the precision of the analysis becomes 
better than +0.1 grain per 100 cu ft as 
illustrated below. 


@ Example of stripping run. A 100- 
ml sample of white oil was saturated 
with the same gas in the preceding ex- 
ample by bubbling the gas through the 
oil at a rate of 70 cu ft per hr for 2 
hr at —5 C in a flask fitted with a sin- 
tered-glass sparger. About 50 ml of this 
oil were transferred into the saturator 
and distributed by means of a slow 
stream of hydrogen, avoiding all contact 
with air. The saturated oil was stripped 
at 19.4 C by bubbling a stream of hydro- 
gen through it at a rate of 0.007 cfm. 
The exit gas was analyzed for total sul- 
phur and the sulphur content plotted 
against gas volume as before. 

e break points for the different sul- 
phur compounds were calculated exactly 
as in the preceding example. Because of 
the difference in temperature for the sat- 
uration and stripping, the concentration 
of sulphur in the absorber of gas did not 
correspond to that in the original sample. 
The correction was made by means of 
Raoult’s law, as shown in the following 
example for carbon disulphide. 


Py = xpr iS we & we (3) 
In this case, 
P=] 


Pr = 0.416 atm at 19.4 C. 
Pr = 0.135 atom at —5 C. 
giving 

Tenn = Os 
and 

7, =i « 








TABLE 2. Determination of sulphur content of gases. 





Grains of sulphur per 100 cu ft (S.T.P.) 





Gas analyzed HS cos 





zene, NHs, HS, CO: 
Water gas from coke* 

Blue gas 

Blow run gas 





CH;SH C8: Higher Total 
boiling 
Coke-oven gas after removal of ben- 
Becetetcirn voce 0 0. 0.8 46.5 48.5 
a RSG ey emer arene 0.5 3. 0.25 0.35 0.02 4.7 
PEROT EEN aoe 1.0 5. 0 0.6 0.02 ye 




















*After partial HS removal. 
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Since x, the concentration of gas in the 
solvent, is not changed when the satu- 
rated oil is warmed before stripping, it 
can be eliminated from the two equations 
to give: 

7," == OB y,,,° 


Consequently, the concentration of 
carbon disulphide found in the stripping 
hydrogen must be multiplied by 0.33 to 
give the corresponding concentration in 
the original gas. A similar correction was 
made for each component present. 

The volume of gas is shown plotted 
against sulphur content in Fig. 3. For 
convenience in comparing with the ab- 
sorption run on the same gas (Fig. 2), 
the sulphur concentrations were cor- 
rected for temperature before plotting. 
As may be seen from the curve, most of 
the hydrogen sulphide and carbony] sul- 
phide was stripped from the oil before 
good total sulphur analyses were ob- 
tained. It is for the less volatile sulphur 
compounds that the stripping run is most 
accurate. The absorption and stripping 
runs therefore supplement each other 
and a complete analysis usually requires 
both determinations. 

Fig. 4 is included to illustrate the be- 
havior of a gas more concentrated in sul- 
phur. In this case the gas is coke-oven 
gas partially purified by scrubbing with 
water, light oil, and ammonium carbon- 
ate solution. This preliminary treatment 
removed essentially all of the hydrogen 
sulphide and high-boiling sulphur com- 
pounds, leaving primarily carbon disul- 
phide and a little carbonyl sulphide. 


@ Technique and sources of error. 
Certain organic sulphur compounds have 
been demonstrated? to be relatively un- 
stable even in an inert solvent such as 
white oil. Exposure to oxygen or to metal 
walls can also affect the sulphur content 
of a gas or solution. For this reason an- 
alyses are completed as rapidly as pos- 
sible and the procedures for sampling 
are arranged to minimize such losses. 
The equipment itself is of glass and 
quartz with neoprene-connected butt 
joints where required. 


White oil was selected as the scrub- 
bing liquid because it combines to an 
unusual degree the desirable properties 
of inertness, low volatility, and low vis- 
cosity. Other solvents can be used, pro- 
vided they do not react with the sulphur 
compounds and are not volatilized to any 
large extent during the analysis. A more 
viscous solvent might require more plates 
in the saturator in order to give satis- 
factorily sharp breaks. The greater the 
number of plates the sharper the breaks 
but also the more solvent holdup, and 
hence the larger gas samples required 
for an analysis. 

Since the volume of gas required for 
an identification run is directly propor- 
tional to the solubility of the sulphur 
compounds and the volume of solvent 
used, it is possible to separate the break 
points of two sulphur compounds of simi- 
lar solubilities by increasing the quantity 
of solvent or lowering the temperature 
of the solvent to increase the solubility 
of the sulphur compounds. 
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Large Iron Body Bronze 
Mounted Gate Valve for 
125 pounds W. S. P. made 
in sizes 2” to 30”, incl. Has 
flanged ends, outside screw 
rising stem, bolted flanged 
yoke and taper wedge solid 
disc. Also available in All 
Iron for process lines. 


Class 300-pound Cast Steel 
Gate Valve. Has flanged 
ends, outside screw rising 
stem, bolted flanged yoke 
and taper wedge solid disc. 


Class 300-pound 16” Cast Alloy Steel Gate 
Valve, designed especially for catalytic process- 
ing. Has automatic steam sealing mechanism 
and top-mounted, enclosed, explosion proof, 
electric motor operator. 
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Call it “‘heart’’, ‘‘staying power’, or 
what you will, some thoroughbreds 
have what it takes to win. 


Now let’s consider valves! 


Compare the outward appearance of any 
Powell valve with that of other valves of the 
same type and size. You’ll probably see very 
little difference. It’s the things you don’t 
see that give Powell valves the “staying 
power’”’ that makes them winners. 


There’s nothing mysterious about these 
things. They’re merely the result of the con- 
tinual progress in design, knowledge of ma- 
terials, and quality of workmanship that comes 
from more than a century of making valves— 
and valves only—for American industry. 


The Wm. Powell Company 
Cincinnati 22, Ohio 
DISTRIBUTORS AND STOCKS IN ALL PRINCIPAL CITIES 
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The absorption of appreciable quanti- 
ties of any component of the gas being 
inalyzed will complicate the determina- 
tion, since the net effect is to change the 
quantity and quality of the solvent medi- 
im. Analysis for the sulphur compounds 
present in a “wet” natural gas would 
)ffer this type of difficulty, since it might 
contain about 100 grains of gasoline per 
cu ft of gas. Corrections for this type 
of interference can be made by measur- 
ing the increase in solvent volume and 
determining the solubility of the sulphur 
compounds in the resultant solvent. 

Usually both an absorption and a strip- 
ping run are required for a complete 
analysis of a gas. If desired, the strip- 
ping run can be performed directly on 
the oil saturated in the absorption run. 


However, the length of time required for 
complete saturation may lead to errors 
arising from instability of the solution. 
The saturating technique described us- 
ing a simple scrubbing bottle has the 
dual advantage of rapid saturation and 
convenient use of a low absorption tem- 
perature. Low-temperature saturation 
followed by higher temperature strip- 
ping increases the sulphur concentration 
in the stripping gas and therefore the 
accuracy of the determination. 

The organic sulphur is converted to 
hydrogen sulphide for analysis as previ- 
ously described,? except that only 1 ml 
instead of 6 ml of alumina catalyst is 
employed. The smaller quantity of cata- 
lyst minimizes the adsorption of sulphur 
and hence gives a quicker response to 








instrument Control Panels 





Instrument Panel 
for Power Plant 


Unit type construction allows extreme flexibility of installa- 
tion to meet individual requirements. Completely wired, reducing 
installation time to a minimum. Steel construction throughout 
with excellent hand-rubbed finish. Available with desk as part of 


unit when desired. 


Switchboards We can supply Special Control Panels, Lighting 
and Instrument Boards and Switchboards from Panels 
simple one panel to multi-panel installa- 
Instrument tions. All types and sizes fabricated in Control and 
our Tulsa plant to meet your particular Transfer 
Boards ai nnn Switches 





NELSON ELECTRIC MANUFACTURING CO. 
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TULSA, OKLAHOMA 
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Junction Boxes and Enclosures 
Circuit Breakers and Lighting Panels 
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Oil Field Motor Controls 

Automatic Pipe Line 
Sampling Devices 

Cathodic Protection 
Equipment 
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Control Panels 

Unit Substations 
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changes in composition. The hydrogen 
sulphide may be determined by any suf 
ficiently sensitive procedure, such as the 
spectrophotometric method! or the lead 
acetate—impregnated tape technique of 
Moses and Jilk.® The sensitivity of the 
analyses for hydrogen sulphide is of 
paramount importance since, as can be 
seen from Figs. 2, 3, and 4, it is neces- 
sary to obtain gas analyses at frequent 
intervals in order to detect sharp break 
points. 
@ Results. The results obtained with 
this method on three common commer- 
cial gases are summarized in Table 2. 
In coke-oven gas the major impurity 
remaining after the usual procedures for 
by-product recovery is carbon disul- 
phide, although significant amounts of 
carbonyl sulphide, methyl mercaptan, 
and high-boiling sulphur compounds are 
also present. In water gas, on the other 
hand, carbonyl sulphide is the major 
impurity. Similar analyses following at- 
tempted purification are especially use- 
ful in revealing which types of com- 
pounds escape treatment. 
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In Volume Production 


Prompt Delivery 
These 4-cycle, air-cooled gasoline 
engines are thoroughly service-proved 
in many applications. Light weight, 
compact design, and wide power range 
mean ready adaptability to many types 
of equipment and powering problems. 
Backed by 28 years of engine building 
experience, including manufacture of 
the famous Kinner aircraft engines. 


ULE LLL 


CORP. 
635 W. Colorado Blvd., Glendale 4, Calif. 





THE PETROLEUM ENGINEER, Reference Annual, 1947 














@ A 
that i 
small 
mono: 
and/c 
alysis 
dang 
reduc 
of vo) 
an a 
cent | 
ticipe 
per c 
small 
a sat 
a pla 
bon r 


and « 
| ie 


gases 
for tl 
been 
high 
ples, 
dent 








P 771.1 


Precision Semimicromethod for gas analysis* 


By LEONARD K. NASH, Mallinckrodt Chemical Laboratories, Harvard University 


@ Abstract. An apparatus is described 
that is capable of complete analysis of 
small samples of carbon dioxide, carbon 
monoxide, methane, hydrogen, nitrogen, 
and/or oxygen. The operations of an- 
alysis are simple and reliable, and the 
danger of loss of a valuable sample is 
reduced to a minimum. With a sample 
of volume approximating 1 cc at N.T.P. 
an accuracy of a few tenths of a per 
cent of the total gas sample may be an- 
ticipated; but an accuracy of about 1 
per cent is maintained with samples as 
small as 0.1 cc N.T.P. The conditions for 
a satisfactory fractional combustion on 
a platinum catalyst of hydrogen and car- 
hon monoxide in the presence of methane 
and excess oxygen are defined. 


IN THE course of an investigation of the 
gases in meteorites a sensitive method 
for the analysis of low-pressure gases has 
been developed, which provides data of 
high accuracy with very small gas sam- 
ples, and in which the danger of acci- 
dental loss of the sample is reduced to 
a minimum. 

Fig. 1 illustrates the apparatus, in 
which all the measurements are made at 
diminished pressures. 

Only solid adsorbents are employed, 
and Apiezon stopcock grease is used 
throughout. The 1000-cc reservoir, A, 
containing purified mercury, is linked 
with the 500-cc chamber of the Tépler 
pump, B. The rise and fall of the mer- 
cury in B is controlled through stopcock 
1, whose two leads give access to an 
aspirator line and to the atmosphere, re- 
spectively. The buret, C, is made from 
12-mm Pyrex tubing, and is graduated 
from 1 to 10 cc in steps of 1 cc. The buret 
bulb has an additional capacity of 10 cc, 
permitting the accommodation of par- 
ticularly large gas samples. The barom- 
eter, D, is made from the same piece of 
tubing as C, and is provided with the 
overflow attachment, E*. The difference 
of the height of the mercury columns in 
C and D, which represents the gas pres- 
sure in C, may be read accurately from 
a graduated mirror scale set behind the 
tubes. A calibrated thermometer set 
close to C indicates the gas temperature. 

The drying tube, F, contains a small 
amount of Anhydrone, trap G permits 
convenient separation of any condensa- 
ble material in the gas sample, and tube 
H contains Ascarite, for absorption of 
carbon dioxide and other acid gases. The 
combustion catalyst tube, J, consists of a 
short section of quartz capillary tubing, 
connected to the rest of the line through 
ground quartz to Pyrex joints. The capil- 
lary contains a 5-cm length of No. 22 
platinum wire, and is heated by a small 
closely fitting furnace with Alundum 


*Published in Industrial and E ering 
Chemistry, Vol. 18, No. 8, August, 1946. 





core, Nichrome winding, and asbestos 
lagging. The presence in each branch of 
the adsorption train of a small spiral 
spring made of 4-mm (outside diameter) 
Pyrex tubing (not shown in the dia- 
gram) prevents any strains from de- 
veloping in the line. 

Stopcock 5 gives access to a series of 
bulbs containing various pure gases and 
determinate gas mixtures, while stopcock 
6 leads to the line from which the gas 
sample is to be collected, and thence to 
the evacuating pumps. For cases where 
a small gas sample is to be collected 
from a very large volume it has proved 
advantageous to precede stopcock 6 with 
a small volume and a mercury diffusion 
pump in that order. The diffusion pump 
rapidly concentrates the gas sample in 
the small volume, from which it may be 
readily conveyed to the buret by the Top- 
ler pump. 

In determining the graduations of the 
buret, the 10-cc mark was determined 
directly, by weighing the mercury de- 
livered through a stopcock temporarily 
attached to the bottom of the buret be- 
fore the latter was sealed in place. The 
other points are then most simply deter- 
mined after the buret has been perma- 
nently mounted—e.g., by compressing a 
sample of gas to the 10-cc mark, read- 
ing the pressure, and then slowly com- 
pressing it until the new pressure, cor- 
rected for any small fluctuations in tem- 
perature, is just 10/9 the former value. 
The new position of the mercury menis- 
cus in the buret now corresponds to 9 
cc, and may be marked as such. The 
other buret graduations are located in 
similar fashion. Nitrogen is used as the 
calibration gas and, by occasionally dis- 
carding part of the gas sample, the pres- 
sures are kept below 200 mm, so that 
no errors due to gas imperfection can be 
introduced. 


Calibration by this method is advan- 
tageous because the buret is calibrated 
after it has been permanently set in 
place; and is calibrated in the same way, 
and with the same precision, as in later 
use. Furthermore, it is somewhat sim- 
pler to secure markings corresponding 
exactly to unit numbers of cubic centi- 
meters by this method than by any other 
method. 


@ Operations of analysis. The dry gas 
sample is collected in the buret by re- 
peated strokes of the Topler pump, and 
the mercury is run up into the buret un- 
til the gas is compressed to that mark 
which most nearly corresponds to a sam- 
ple pressure of 150 mm. The pressure 
is then determined with an accuracy of 
0.1 mm, the temperature is read to the 
nearest 0.1 C, and, since the probable 
accuracy of the volume calibration is 
0.001 cc, it becomes possible to compute 
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the gas volume under standard condi- 
tions with a probable accuracy of 0.1 
per cent. 

This calculation is predicated upon the 
behavior of the sample as a perfect gas, 
a valid assumption in this instance, since 
it has been shown’ that under pressures 
of 150 mm even a gas as imperfect as 
carbon dioxide behaves relatively ideal- 
ly. Furthermore, any volume change 
produced by mixing is of negligible mag- 
nitude. Measurement at diminished pres- 
sure, as practiced in this mode of analy- 
sis, therefore not only serves to increase 
the effective gas volume to a readily de- 
terminable magnitude, but also obviates 
any aberrations due to imperfection of 
the gases involved. 

Consider now the operations involved 
in the analysis of a sample containing 
carbon dioxide, carbon monoxide, me- 
thane, hydrogen, oxygen, and nitrogen. 
After measurement of the total original 
volume, the sample must be circulated 
over the Ascarite to absorb the carbon 
dioxide. To perform this operation the 
analytical train is first thoroughly evacu- 
ated, and then shut off from the evacuat- 
ing pumps. The gas is withdrawn from 
the buret with the Tépler pump (ordi- 
narily two or three strokes are required 
to empty the buret completely), and 
passed into the absorption train through 
the left branch of the three-way stop- 
cock, 3, the mercury rising as far as the 
base of stopcock 3. To complete the cir- 
culatory cycle, the bulk of the gas is col- 
lected through the right branch of stop- 
cock 3, by turning the stopcock to the 
appropriate position and then lowering 
the mercury in the pump. To ensure per- 
fectly complete absorption this cycle 
may be repeated two or three times. By 
circulating the gas over the absorbent in 
this fashion it is possible to avoid any 
danger of the dead gas diffusion block- 
ing occasionally encountered in the Orsat 
apparatus. Finally, the residual gas sam- 
ple is completely collected through the 
right branch of stopcock 3 with three or 
four strokes of the Tépler pump, and 
conveyed back into the buret where its 
temperature, pressure, and volume are 
again measured. Recovery of the residual 
sample is more than 99.9 per cent com- 
plete after four strokes of the Topler 
pump. By invariably collecting the resid- 
ual gas through the right branch of 
cock 3 any water liberated by the Asca- 
rite (or, later, in the combustion of hy- 
drogenous material) is absorbed by the 
Anhydrone, and the gas reaching the 
buret is always in a state of uniform dry- 
ness. 

To provide a small excess of oxygen 
for the impending combusion analysis, a 
suitable quantity of this gas is drawn 
from its storage bulb with the Tépler 
pump, and added to the sample in the 
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FIG. 1. Analytical train. 




















buret, whereupon the new volume is 
measured. The difference between this 
volume and that of the previous measure- 
ment represents the volume of oxygen 
added. The diluted gas sample is then 
repeatedly circulated over the combus- 
tion catalyst, which is maintained at 475 
C, and the residual gas is collected and 
remeasured. 

The further operations of the analysis 
are carried through by the same general 
procedures as indicated above, and the 
complete analytical scheme is shown be- 
low in outline form. The volume, ‘pres- 
sure, and temperature are measured 
after each of the following operations: 

1. Complete collection of original 
sample. 3 eh ah 

2. Circulation over Ascarite to re- 
move carbon dioxide. 

3. Addition of oxygen in small excess, 
for combustion. 

4. Circulation over platinum catalyst 
at 450,.C to burn hydrogen and carbon 
monoxide. 
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FIG. 2. Combustion of methane on platinum catalyst. 
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5. Circulation over Ascarite to re- 
move carbon dioxide from carbon mon- 
oxide combustion. 

6. Circulation over platinum catalyst 
at 950 C to burn methane. 

7. Circulation over Ascarite to re- 
move carbon dioxide from methane com- 
bustion. 

8. Addition of hydrogen in small ex- 
cess, for combustion of excess oxygen. 

9. Circulation over hot platinum cat- 
alyst to burn excess oxygen. 


All the readings of temperature, pres- 
sure, and volume collected in the above 
scheme are converted to the correspond- 
ing volumes at normal temperature and 
pressure. If the term v, is made to refer 
to the N.T.P. volume after the x’th op- 
eration above, then the analytical results 
are given in the following set of for- 
mulas. It will be observed that, with the 
exception of oxygen, all the components 
are determined from relatively simple, 
direct formulas, and a relatively high 
order of accuracy may be obtained. The 
oxygen content is calculated indirectly 
and is, therefore, subject to cumulative 
errors; however, even in this unfavor- 
able case, a probable accuracy of 0.5 per 
cent may still be obtained. 
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@ Fractional combustion. The frac- 
tional combustion on a platinum catalyst 
of hydrogen and carbon monoxide in the 
presence of methane and excess oxygen 
is the vital step in this procedure, for 
the validity of which sufficient evidence 
is not to be found in the literature. Al- 
though fractional combustion on oxide 
catalysts, especially cupric oxide, has 
long been known and practiced, it does 
not appear to be expedient if a deter- 
mination of oxygen is in prospect, since 
these “catalysts” may themselves fur- 
nish a portion of the oxygen used in the 
combustion. Therefore, the possibility of 
using a noble metal catalyst in fractional 
combustion processes has been studied. 


A somewhat analogous case has been 
investigated by Richardt®, using a heat- 
ed palladium tube. In the course of his 
research he noted that if hydrogen were 
mixed with methane, combustion of me- 
thane occurred at temperatures far too 
low to burn it when it was unmixed with 
hydrogen. This phenomenon was at- 
tributed to the strong heating of the 
catalyst by the combustion of the rela- 
tively large quantities of hydrogen pres- 
ent, and though this difficulty has been 
rather generally noted in fractional com- 
bustion work, it is not to be anticipated 
in the present instance in view of the low 
pressures of the gases involved. 


Because of the cost, fragility, and tend- 
ency of a palladium tube catalyst to 
develop leaks, preliminary tests were 
made to discover whether an entirely en- 
closed platinum catalyst could be used 
for the fractional combustion. 

In the first trial 1 gram of platinized 
asbestos, previously heated to redness 
in air, was packed into the quartz tube. 
It was then found that when measured 
small quantities of oxygen were circu- 
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lated over the catalyst, while the latter 
was heated to bright redness, 1 to 2 per 
cent of the sample was lost. A second 
passage of the same gas sample over the 
catalyst resulted in a further loss of 1 
to 2 per cent, so that the loss cannot be 
attributed to a combustible impurity in 
the oxygen, which, moreover, had al- 
ready been treated with hot platinized 
asbestos during its purification. Conse- 
quently, the asbestos was discarded in 
favor of a small roll of platinum foil. 
The oxygen loss was then reduced to 
0.5 per cent. 

The combustion catalyst tube was then 
remodeled along lines originally sug- 
gested by Hempel‘, and the combustion 
catalyst consisted of a 5-cm length of 
No. 22 platinum wire inserted in the 
2-mm bore of the quartz combustion cap- 
illary tube. With this catalyst renewed 
tests with small measured oxygen sam- 
ples revealed a loss of only 0.1 per cent 
when the sample was circulated over the 
catalyst at 475 C, and a loss of 0.2 per 
cent when the circulation was performed 
at 850 C. These losses were accurately 
reproducible, and since they were close 
to the limiting experimental error, no 
further attempt to reduce them has been 
made. 

The explanation of these oxygen loss- 
es, while it may lie in a trace of copper 
in the platinum, probably resides in 
physical adsorption or solution of oxy- 
gen by the platinum. Such adsorption 
has been reported by Sieverts® as in- 
creasing with rising temperature, in line 
with the present observations. Further- 
more, the recovery of such dissolved gas 
would be extremely slow’, in line with 
the author’s experience that, after the 
passage of oxygen over the catalyst, pro- 
longed evacuation is required before the 
combustion tube can be pumped flat. 

A very small, though unmistakable, 
loss of oxygen (circa 0.05 per cent) when 
a measured sample of this gas was cir- 
culated through other parts of the line 
is almost certainly attributable to reac- 
tion of the oxygen with the stopcock 
grease, especially since a 100 per cent 
recovery was always secured when meas- 
ured quantities of other gases were cir- 
culated through the line. The error in 
the case of oxygen is negligible in any 
event. 

With the final form of catalyst tube 
the extent of combustion of methane- 
oxygen mixtures, as a function of cat- 
alyst temperature, was studied. The re- 
sults shown in Fig. 2 represent the per 
cent combustion during a single slow 
passage through the catalyst tube of a 
uniform methane-oxygen mixture con- 
taining excess oxygen. It is apparent that 
at 475 C only about 0.1 per cent of the 
methane is burned on passage over the 
catalyst, yet at this temperature hydro- 
gen-oxygen and carbon monoxide-oxy- 
gen mixtures were found to burn rapidly 
and completely on the catalyst. Conse- 
quently, the preliminary data collected 
with these binary mixtures strongly in- 
dicate the possibility of a successful low- 
pressure fractional combustion on a plat- 
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Here is a new method of welding 
pipe joints that has proven far more 
efficient than the old way. The use 
of WEDGE Chill Rings with the 
patented SPLIT Feature has revo- 
lutionized pipe welding. They of- 
fer many advantages and the 
STRONGEST joints. WEDGE 
Chill Rings REINFORCE the 





joints—that is why they are strong. 
The joints are the strongest part 
of the line—the pipe will fail be- 
fore the reinforced joints. Besides 
assuring stronger joints WEDGE 
Chill Rings also reduce labor costs 
because it takes less time to weld 
and less welding material. Why not 
investigate? 


Write for Information 


WEDGE PROTECTORS, INC. 


3977 Jennings Road, Cleveland 9, Ohio 


’WEDGE | 


) Snld CHILL RINGS 4 
) SAVE MONEY 
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LARK “ANGLE” COMPRESSORS 


At the natural gasoline extraction plant of the 
Peppers Refining Company, West Edmond, 
Oklahoma, over 33,000,000 cubic feet of gas 
per day are processed. Clark Compressors 
absorb the gas and discharge it to the lines. 

The gas is absorbed at 60 lbs. pressure by 
five 600 BHP Clark Right Angle units. 
Three 1,000 BHP “Big Angles” handle 
23,500,000 CFD from 60 lbs. suction to 500 


Ibs. discharge. Two 600 BHP units handle 
11,000,000 CFD from 60 lbs. suction and 
discharge at 375 lbs. 

The Clark “Big Angle”, introduced only a 
few years ago, has established itself as the 
outstanding gas-engine-driven compressor 
wherever there is need for greater power in less 
space at lower over-all cost. It is built in sizes 


from 5 cyl., 1,000 BHP to 10 cyl., 2,000 BHP. 


CLARK BROS. CO., INC., OLEAN, NEW YORK 


Boston « Chicago * Houston « Los Angeles *« New York «+ Tulsa * Washington 
London « Bucharest, Rumania ¢ Caracas, Venezuela 


This photograph shows installation 
of Clark 600 BHP, RA Compressor 
Units, handling gas as described 
above, in Peppers Refining Co. plant. 

















inum catalyst. That such fractionation 
does occur satisfactorily even for mix- 
tures of all the combustible components 
is proved by the outcome of control an- 
alyses. 
@ Control analyses. In preparation for 
the control trials, several samples of 
pure gases were prepared. 

Hydrogen and oxygen were generated 
in an all-glass cell, by electrolysis of 10 
per cent sulphuric acid between platin- 
ized platinum electrodes, and purified 
in identical trains by successive passage 
over fused potassium hydroxide, hot 
platinized asbestos, fused potassium hy- 
droxide, and phosphorus pentoxide. The 
hydrogen so prepared assayed 100 per 


cent pure when burned with excess oxy- 
gen; and the oxygen, when freshly pre- 
pared, assayed 100 per cent pure when 
burned with excess hydrogen. 

Despite the original high purity of the 
oxygen, it was found to contain small but 
appreciable quantities of volatile, par- 
tially oxygenated organic compounds 
after standing for some months in the 
storage bulb. The source of this material 
probably lies in the vaseline-rubber 
(Ramsay) grease originally used to lu- 
bricate the bulbs’ stopcocks. Although it 
has been known for some time that oxy- 
gen attacks such grease*, the formation 
of volatile reaction products does not 
appear to have been previously noted. 
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This machine double coats and double wraps in one operation. 
It was developed especially for J-M by Crutcher-Rolfs-Cummings of Houston. 


The Johns-Manville machine, pictured here, applies double pro- 


tection against soil corrosion. TWO coats of enamel . 


layers of J-M Asbestos Felts . 


. TWO 


. both go on ina single operation 


as fast as pipelines can be assembled. 


This saves money on installation costs . . 


. Savings that con- 


tinue through years of service because Johns- Manville Asbestos 
Pipeline Felts are made of time-defying, rotproof asbestos fibres, 
J-M Asbestos Felts are the most widely used material for guard- 
ing enamel against soil stresses and distortion. 


For complete information, write Johns-Manville, 
Box 290, New York 16, New York. 
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TABLE 1. Tests of synthetic mixtures. 





Total volume 


Analysis of sample H- co CH- 
No. Cc. N.T.P. % % % 
1 1.104 Given 55.7 28.15 16.15 
Found 55.7 28.3 16.0 

2 1.031 Given 58.3 $1.1 10.6 
Found 58.0 31.4 10.6 

3 0.926 Given 64.45 30.1 5.5 
Found 64.3 30.3 5.4 

4 1.237 Given 79.3 17.3 3.5 
Found 79 1 17.5 3.45 

5 1.258 Given 52.9 43.3 3.8 
Found 52.9 3.9 





Considerably better though not perfect 
preservation was found when the Ram- 
say grease was replaced with Apiezon 
M. Analytical aberrations due to the 
progressive contamination of the oxygen 
may be avoided by always drawing the 
oxygen into the analytical train through 
a liquid air trap packed with glass wool; 
or by preparing a fresh supply of oxy- 
gen about once a month. 

Carbon monoxide was generated by 
the action of hot 85 per cent phosphoric 
acid on 85 per cent formic acid®, The gas 
was purified by passage through a so- 
dium hydroxide scrubber and over fused 
potassium hydroxide and phosphorus 
pentoxide. The final purity, as assayed 
by combustion with excess oxygen, was 
99.9 per cent. The trace of impurity may 
have been due to slightly incomplete re- 
moval of dissolved air in the formic acid. 

Methane was prepared by the cautious 
pyrolysis of an equivalent mixture of 
sodium acetate and sodium hydroxide. 
This crude gas was purified by succes- 
sive passage through a dust trap, a dry 
ice trap (for the removal of water va- 
por), a packed dry ice trap containing 
a good grade of coconut charcoal pre- 
viously outgassed at 500 C (for the re- 
moval of the bulk of the ethane and any 
other materials of low volatility), and 
thence into a liquid air trap. There fol- 
lowed ten bulb-to-bulb fractional dis- 
tillations in which large fore and after 
fractions were discarded. The best frac- 
tion finally collected assayed 100 per 
cent pure on the basis of the volume con- 
traction consequent upon combustion 
with excess oxygen, and also on the 
basis of the carbon dioxide produced in 
such combustion. 

Several synthetic test mixtures were 
made up from the pure gas samples and 
used to test the satisfactory operation of 
the apparatus as a whole, and the validity 
of the fractional combustion in particu- 
lar. The ‘results obtained, as shown in 
Table 1, were gratifying in both respects. 
@ Acknowledgment. It is a pleasure to 
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assistance of Gregory P. Baxter in the 
conduct of this research. 
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TO ABSORB SHOCK 


—Fuel Lines need Barco Flexible Joints 


The battering impacts and shocks ot vibration in mechani- 
cal operation are absorbed by Barco Flexible Joints. 
Providing for expansion and contraction, they keep pipes 
aligned, protect fluid-conveying systems against inter- 
ruptions or breakdowns. In every branch of industry and 
transportation you will find Barco Joints at work, giving 
fuel line systems longer life, insuring steadier and more 
economical operation. Full details on request. Barco 
Manufacturing Company, Not Inc., 1925 Winnemac 
Avenue, Chicago 40, Illinois. 


Not just a swivel joint 
FLEXIBLE JOINTS ..-but a combination of 
a swivel and ball joint 
‘ with rotary motion and 
P responsive movement 
FR E ENTERPRISE—THE CORNERSTONE OF AMERICAN PROSPERITY 


through every angle. 


in Canada: The Holden Co., Ltd., Montreal, Canada. “MOVE IN DIRECTION” 
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The eeonomie outlook for California LPG 


By CLARE GARD, Union Oil Company of California, and HUGH F. COLVIN, Consulting Engineer 


T were are many factors that naturally 
present themselves in any discussion of 
LPG—trade term for liquefied petro- 
leum gas and specifically propane, bu- 
tane, and their mixtures. Because of the 
many possible variations in its produc- 
tion and refinery and marketing utiliza- 
tion, it has often been looked on as one 
of the problem children of the petrol- 
leum industry. 

In review, propane and butane frac- 
tions are contained in field wet gas, con- 
densate, and, to a small extent, in most 
light crude oils. They are also produced 
in large quantities in refinery cracking 
and reforming operations. They may be 
recovered partially or completely, as pro- 
pane, butane, or mixtures of the two; or 
they may even be segregated into the 
various possible isomers with high de- 
gree of purity. They may be left in so- 
called dry gas to be sold as natural gas, 
used for refinery fuel, used as blending 
agents in gasolines, sold for domestic 
heating purposes, for internal-combus- 
tion engine fuel, for the manufacture of 
chemicals, or they may be alkylated or 
polymerized to yield gasoline-range com- 
ponents. 

The economic permutations and com- 
binations involved in such a complex 
pattern are extremely numerous. The 
following questions are typical: 

What products should field absorption 
plants be designed to recover? 

What recovery factors, what purity fac- 
tors should be attained? 

Is it preferable to sell propane, bu- 
tane, or mixtures of the two as commer- 
cial LPG at field plants, or to transport 
them to refineries for gasoline blending, 
alkylation, or polymerization? ; 

Should a high vapor pressure natural 
gasoline be produced to serve as a trans- 
portation medium for LPG fractions to 
the refinery, or should LPG be moved 
separately? 

How can the greatest return be se- 
cured from LPG fractions produced in 
refinery operations? 

Many other questions besides these 
could be brought to mind and much 
space devoted to their discussion. This 
paper, however, will be restricted to the 
following fundamentals: 

1. The trend of growth of LPG de- 

mand. 

2. The trend of LPG supply. 

3. The future economic outlook. 


@ Demand. The rapid and continuous 
growth in LPG sales demand since the 
early 1930’s is shown graphically in Fig. 
1. The amazing increase has been com- 
mented on many times before, but as yet, 
little evidence is available to indicate a 
tapering off of the upward trend. It is of 


*Presented before California Natural Gaso- 
line Association, Los Angeles, October 11, 1946. 
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particular interest, however, to note that 
California has consistently lagged be- 
hind the total United States in rate of in- 
crease, and, if anything, this difference 
is being accentuated. Even with a rather 
conservative extrapolation of the Cali- 
fornia trend as shown on the chart, how- 
ever, sales of LPG may be expected to 
increase about 50 per cent over present 
levels by the end of 1950. 

Fig. 2 shows a ten-year development 
pattern for LPG sales by type of con- 
sumption. Throughout the period, do- 
mestic heating and internal-combustion 
engines provided the greatest outlet for 
LPG, exclusive, of course, of refinery 
consumption. 

With regard to the future, three of the 
classifications warrant special comment. 


It is believed that considerable oppor- 
tunity exists for continued expansion of 
domestic heating sales into marketing 
areas in the Pacific Northwest and the 
more remote sections of Northern Cali- 
fornia where LPG offers a market ad- 
vantage in handling convenience over 
coal and wood, and where the per-therm 
cost differential may be lessened by in- 
creases in the costs of these competitive 
fuels. Increased heating demand will 
also be occasioned by the steady growth 
in population of the Pacific States. 

It may be interesting at this time to 
compare the relative values of the various 
competitive fuels. Table 1 presents these 
relative values based on a 3.5 cents per 
gal value for commercial propane and 
4.0 cents per gal for propane-butane mix- 


FIG. 1. Annual sales of liquefied petroleum gases. 
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FIG. 2. Sales of liquefied petroleum gases in Pacific Coast territory. 
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TABLE 1. Comparison of the relative 
values of the more common fuels* 
based on propane and commer- 
cial butane. 





Relative 
Relative value 
value _ based on 
based on commercial 
propane at butane at 


Fuel Quantity 3.5c gal 4c gal 

a. rn : 1 bbl $ 2.43 $ 2.62 
(gravity 9-12) 

Natural gas............ 1000cuft $ 0.44 $ 0.47 
(1150 Btu/cu ft) 

Coal...............-.- Iton $10.54 $11.34 
(Anthracite-Bituminous) 

od, Te 1 gal 5.28c 5. 68¢ 
(gravity 0.8314) 

Blocteieity........0s0c00 1 kwhr 0.13¢ 0.14¢ 


*The theoretical heating values were used for the various 
fuels and relative values shown do not take into considera- 
tion the efficiency of conversion to useful energy. 








tures. These values for propane and bu- 
tane were used for discussion purposes 
only and other relative values may be 
obtained by comparison, using different 
basic values for propane and butane. 
These relative values indicate that, from 
a therm basis, the competitive fuel can 
be used to an economic advantage when 
its price is equal to or less than that in- 
dicated in the table. 

The use of LPG in chemical manufac- 
ture may also be expected to increase, 
particularly from the standpoint of re- 
finery propylenes and butylenes. 


The third category in which substan- 
tial growth is still in sight is that of 
internal-combustion engines, both sta- 
tionary and automotive. 

For comparative purposes, Fig. 3 
shows the distribution of LPG sales in 
1944 by commodity and by use; in these 
charts the areas are proportional to vol- 
ume of sales. Unfortunately, a complete 
breakdown is not yet available for 1945, 
nor are comparable figures available for 
more than a few prior years. It seems to 
be the consensus of the industry that the 
position of commercial propane will be- 
come increasingly more important be- 
cause of the greater relative economic 
value of butane fractions for other uses. 
It is certain that this trend was augment- 
ed during the war by the heavy demand 
for isobutane for alkylation in the 100 
octane gasoline program. For the next 
few years, however, the butane-propane 
mixtures known to the trade as commer- 
cial butane will probably continue to 
dominate the sales field. Further growth 
in sales of butane as such is not ex- 
pected. 


@ Supply. Will the supply of LPG be 
able to keep up with the indicated sales 
demand? The answer is undoubtedly yes 
subject to certain economic qualifications 
that will be discussed later. Fig. 4 illus- 
trates graphically the relationship be- 
tween field plant production of LPG 
und sales demand. The difference be- 
tween these two may be represented as 


net effective refinery production. This is 
by no means the whole story, however, 
and Fig. 5 (on a different scale than 
Fig. 4) shows how small the net refinery 
production is in relation to the gross pro- 
duction from «ll cracking, reiurming, 
stabilizing, and other operations. The 
balancing figure representing net refin- 
ery consumption is influenced partly by 
the availability of physical facilities but 
primarily by the economic relationships 
between LPG sales netbacks and the 
equivalent value of LPG fractions for 
gasoline blending, polymerization, and 
other refinery uses. The important thing 
to keep in mind is that the potential LPG 
available from maximum refinery opera- 
tions plus that available from maximum 
field operations far exceeds the foresee- 
able sales demand for the next few years. 
In this respect, California is quite in line 
with the rest of the country’. It must be 
admitted that some capital expenditures 
would be necessary for additional frac- 
tionating and especially storage and han- 
dling facilities before this maximum 
potential LPG could move into trade 
channels; but this also will be governed 
by economics; and once butane and pro- 
pane fractions are produced their recov- 
ery and utilization are largely deter- 
mined by practical dollar-and-cents eco- 
nomic analyses. 


With regard to refinery production, it 





1Oberfell and Thomas, Oil & Gas Journal, 
June 8, 1946, pp. 60-61. 
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is interesting to note the high peak in 
1945 that was associated with a record 
volume of crude and cracking plant op- 
erations, and in particular with new cat- 
alytic cracking operations, which were 
one of the outstanding features of the 
wartime refinery expansion program. 
These catalytic cracking operations are 
continuing at a high rate and will un- 
doubtedly be maintained permanently 
for reasons of gasoline quality. Aside 
trom their effect on increasing refinery 
LPG fractions, these catalytic operations 
are noteworthy for the very large pro- 
portion of isobutane and butylenes in the 
effluent C, fraction, which has an impor- 
tant bearing on alkylation economics. 


It is believed that the reported crack- 
ing production and refinery consumption 
of LPG fractions are low because the 
processing operations of some refineries 
are so closely integrated that it is not 
possible to measure certain LPG streams 
in the intermediate stages and only the 
net figure is reported. 


An interesting hypothetical picture of 
the effect of cracking on refinery LPG 
production is shown in Table 2, where 
comparisons are made between straight- 
run distillation of crude, distillation fol- 
lowed by thermal cracking of gas oil and 
residuum, and distillation followed by 
recycle catalytic cracking of gas oil and 
thermal cracking of residuum. For bet- 
ter contrast, the primary products have 
been adjusted for a 10 lb RVP gasoline 
blend, using butane as a blending agent. 
No provision is made for alkylation or 
polymerization, which could be justified 
in most refineries and which would con- 
vert part or all of the surplus LPG to 
gasoline. 








rABLE 2. Effect of refinery cracking 
operations on LPG preduction. Basis 
10,000 bbl per day of 30 deg 
Los s Angeles oats aname. 


III 
(1) Followed 
by recycle 
lI catalytic 
(1) Followed cracking of 
by thermal gas oil and 








I cracking of — thermal 
Straight-run gasoiland cracking of 
distillation — residuum residuum 
Product yield, bbl 
per day 
Propane..... ; 8 149 170 
Propylene. ..... ae 327 186 
Isobutane...... 20 101 174 
Normal butane. 60 222 225 
Butylene....... a 162 
Total Cs+Cs. . 88 961 1,058 
C4Free gasoline.. 3,160 6,243 6,355 
LS ae 3,360 Be + 
Residuum aS 3,390 3,109 2,642 
C2 — lighter 304 258 
east a (617) (317) 
RT 10,000 10,000 10,000 
Net products, bbl 
pe r r day 
ae re 8 476 356 
( = Reema mess (235) (132) 149 
jasoline (10-lb 
Ree 3,475 6,860 6,908 
Distillate fuel... 3,360 ts aa 
Residual fuel. . 3 390 3,109 2,642 
T'uel gas (FOE). 304 258 
Loss (gain). .... “o (617) (313) 
hs 00086 10,000 10,000 10,000 


Deficiency of butane in Cases I and II is net after pro - 
v viding for blending motor gasoline to 10-lb. RVP. 
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NATURAL GASOLINE PLANT PRODUCTION 
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FIG. 4. Analysis of L. P. G. demand related 


to source of supply in Pacific Coast territory. 


With regard to field plant production, 
it seems probable that if economic con- 
ditions warrant, additional LPG can be 
obtained through installation of new fa- 
cilities or improvement of existing ones. 
It is difficult to get a reliable survey of 
potential production from existing facili- 
ties but Tables 3 and 4 present some 
interesting data that were assembled re- 
cently. Some confusion apparently exists 
as to what constitutes “potential” pro- 
duction, causing unexplainable differ- 
ences between actual and potential pro- 
duction by commodities, but it is believed 
the comparisons for total LPG are sig- 
nificant. 


The indicated potential production 
with existing facilities in field plants is 








TABLE 3. Status of California lique- 
fied petroleum gas production from 
field plants. 





Los San 
Angeles Joaquin Coastal 
Basin Valley Area Total 


. Number of plants pro- 


ducing* 
Commercial ropane. 10 12 3 25 
Commercial butane. . 3 9 4 16 
2. Actual production first 
half of 1946, M gal per 
dayt 
ere 22 87 22 131 
Ee 2 168 27 197 
Commercial butane.. 14 146 19 179 
| ee 38 401 68 7 
3. Potential + 
M gal = ~ a 
Propane. . ic, ae 274 38 360 
Se eer 12 254 32 298 
Commercial butane. . 5 38 28 71 
Eee 65 566 98 729 
4. Stated capacity, M gal 
per day 
TOM LEG... 6.50. 358 


sped tint survey—checked by CNGA data. 
Seong plant survey based on existing facilit 
Data from Oil and Gat Journal April 20, 1046, ~~” 16 
plants reported as producing LPG. 


Data: U. S. Bureau of Mines reports. 


about 230,000 gal per day higher than 
the actual for the first half of 1946 in 
the case of propane, whereas the actual 
production of butane plus commercial 
butane was about equal to the indicated 
potential. By converting commercial bu- 
tane to butane and propane on the rough 
assumption of a 50-50 proportion, the 
following comparisons are obtained for 
total California field LPG in gal per day: 


Actual—first 








half of 1946 Potentia 
Propane............. 220,000 395,000 
Ere 287,000 334,000 
MR a siscers 507,000 729,000 


This may be taken as rough evidence 
that 86 per cent of the potential butane 
and only 55 per cent of the potential pro- 
pane are now being recovered. From 
Table 4 it is seen that present field plant 
storage facilities are sufficient to handle 
only 444 days average production. This 
points up another problem of handling 
LPG, namely, the difficulty and expense 
of providing suitable storage to even out 
day-to-day surges of production or sales 








TABLE 4. Liquefied petroleum gas stor- 
age and loading facilities at California 
field plants. (2) 





Los San 
Angeles Joaquin Coastal 
— Basin Valley area Tota 
Storage facilities, M galt 


eee 53 385 157 595 
ee ve 943 120 =: 1,063 
Commercial butane. . 75 420 96 591 

MU iciecaxaen 128 =-1,748 373 2,249 


Number of plants with 
loading facilities. 


Truck and trailer..... 9 14 5 28 
Oe rere 1 6t 1 8 
po rere 1 3 5 4 


*Based on individual plant survey. 
tInformation on storage facilities at one Los 
Basin plant and one San Joaquin Valley plant not availa’ - 
tRail facilities now being installed at two additional San 
Joaquin Valley plants. 
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I. been a good many years since With such long and care-free 


the first Hyatt Roller Bearings performance records to recom- 


| were applied to drilling and pump- mend them, no wonder Hyatt 

7 ing machinery. Roller Bearings are preferred and 

: And today, carrying heavy loads so widely used. If there is any ap- 
in drawworks, rotaries,* engines. plication data you want, please ask 
pumps, blocks, pumping units, for it. Hyatt Bearings Division, 

) and other oil well equipment, General Motors Corporation, Har- 
Hyatts continue to serve and save. rison, New Jersey. 


i) HYATT 
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FIG. 5. Refinery production and usage 
of L. P. G. in Pacific Coast territory. 


1945 1946 1947 


Data: U. S. Bureau of Mines reports. 





ery economics are in substantial agree. 
ment with those presented in detail by 


Parker? and Perkins® at last 
CNGA Fall Meeting. 


year’s 


Construction of new plants to convert 
field LPG into gasoline fractions would 
certainly be regarded as a hazardous eco- 
nomic adventure at the present time; 
however, looking ahead over a five or ten- 
year period, it seems probable that be- 
cause of increased gasoline demand, de- 
clining crude supply, and increased find- 
ing, producing, and refining costs, the 
price of gasoline will move upward. As 
this takes place, the equivalent value of 
propane and butane fractions for con- 
version to gasoline will likewise rise, and 
it is to be expected that the market price 
for commercial LPG will be equalized 
with this refinery conversion value. In 
this connection, Fig. 6 is of interest as 
a projection of the supply and demand 
for California crude through the year 
1950. If, as is indicated, the supply of 
California crude falls below the demand 


in that period, the price levels 


for all 


petroleum products and byproducts will 
undoubtedly be stiffened, and LPG will 


be one of the beneficiaries. 


Table 5 presents production data of 


oil and gas for California fields 





for the 


°F. D. Parker, Proceedings 20th Annual Fall 


Meeting C.N.G.A., pp. 33-41. 


5M. M. Perkins, Proceedings 20th Annual Fall 


Meeting C.N.G.A., pp. 27-82. 

















demand in order to attain maximum an- 
nual recovery. 


@ Economics. Much pertinent informa- 
tion of LPG economics is of course hid- 
den behind the secrecy of individual 
company operation. The following com- 
ments are to be viewed as having only 
general validity and must be modified 
by individual circumstances of transpor- 
tation, refinery costs, sales netbacks, etc. 

One of the most important considera- 
tions to the individual LPG producer is 
the disposition of his product that will 
bring the greatest value. At the present 
time, the following sequence from high- 
est to lowest appears to prevail in Calli- 
fornia: 

1. Blending agent in motor gasoline 
to provide front-end volatility up to 
limits of vapor pressure specifications. 
(Butane fractions only.) 

2. Refinery processing of refinery 
LPG by catalytic polymerization, alkyla- 
tion, or thermal polymerization to yield 
gasoline range components. (Primarily 
olefins and isobutane. ) 

3. Sales as commercial LPG. 

4. Refinery processing of field LPG. 
(Butane only.) 

5. Diversion to refinery fuel or natural 
gas. 

Considerable question exists as to the 
economic value of alkylation and poly- 
merization. Of course, the former is re- 
quired for the production of high-octane 
aviation gasoline, but it is felt that both 
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THOUSAND BBL PER DAY 


alkylation and catalytic polymerization 
can also be justified in most cases for 
motor gasoline production when operat- 
ing on refinery LPG fractions up to the 
limit of isobutane or olefin availability. 
For field LPG, with the exception of 
some isobutane streams, this is probably 
not the case at the present time because 
of the effect of transportation costs, al- 
though it was necessary during the war. 
Thermal polymerization appears to be 
uneconomical in most cases even for re- 
finery LPG. These conclusions on refin- 


° 


TABLE 5. Comparison of yearly crude 
oil and natural gas production 


for California. 





Crude oil 


Natural gas 
roduction, i 


production 


Year bl per day M cu ft per day Gas oil ratio 


1935 570,000 835,253 
1936 585,000 961,115 
1937 655,000 918,735 
1938 685,000 960,731 
1939 615,000 944,964 
1940 610,000 979,442 
1941 630,000 985,736 
1942 685,000 891,911 
1943 780,000 959,910 
1944 860,000 1,139,267 
1945 890,000 1,245,542 
1946 (est.) 855,000 1,235,738 


1.47 


2 


seseeszes 


> 
> 








FIG. 6. California crude oil supply and demand picture 1935-1950. 


Data: U, S. Bureau of Mines reports and California Conservation Commission reports. 
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MANUFACTURERS and JOBBERS 
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SCIENTIFIC INSTRUMENTS 


AC-ME and R. S. SPECIALTIES 


For Natural and Artificial Gas and Gasoline Industry 
SPECIAL SERVICE DEPT.—SPECIAL GLASSWARE BLOWN TO ORDER 








We are equipped with Precision Machine Shop Repair Department for Hays Analyzers, Manom- 

to handle all small, accurate machine work. eters, Indicating Pressure Gauges, etc. 

Ac-Me Recording Gravitometer R. S. Dead Weight Tester R. S. Pressure Hydrometer Jars 

Ac-Me Specific Gravity Gas Balance R. S. Orifice Well Tester R. S. Vapor Pressure Bomb 

Ac-Me Pressure Vacuum Pump R. S. Moisture Tester R. S. Diamond Core Drill 

R. S. Portable Vacuum Pump R. S. Flat Bore Yel-O-Bak R. S. Thermo Plumb Bob 

R. S. Mercury Cleaner Thermometers Thermometers 

R. S. Manometer R. S. Streamlined Hydrometers R. S. Thermostat Temperature Controls 
R. S. Dead Weight Gauge R. S. Pulsameter R. S. High Pressure Consistometer 


R. S. Smoke Meters 
Write for Catalog No. 30-A 


SUBMIT SKETCH OF YOUR PROBLEMS FOR ESTIMATE 


THE REFINERY SUPPLY CO. 


—_——- —— -—-——- Main Oli ira: ond Piant —— Ee 


621 E. 4th Street TULSA,3, OKLAHOMA Ph. 4-8144,L.D. 581 
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period 1935 and 1946, inclusive. This 
table was prepared in the hope that it 
might present some relationship that 
would be useful in forecasting the prob- 
able LPG future. Generally speaking, 
the ratio of gas to crude production has 
not varied greatly over the years and it 
appears reasonable to assume that crude 
oil production can be used as an index to 
inticipated LPG production potentials. 


One economic question that arises nat- 
urally in consideration of strengthening 
prices is that of withholding LPG from 
low-value uses today in order to con- 
serve it for higher-value disposition in 
the future. With the current installed 
steel storage cost of 20 to 25 cents per 
zal for propane-butane mixtures and 35 
to 40 cents per gal for propane, any size- 
able storage plant will cost a substantial 
sum. Manifestly, the storage of large 
quantities of LPG aboveground is ques- 
tionable. There remains the possibility 
of utilizing underground reservoirs 
through injection of LPG into subsurface 
formations. Little is known about the 
physical limitations of this and even less 
about the economic factors involved, but 
the problem may be worth some con- 
sideration. 

One Mid-Continent producing com- 
pany has reported some rather inconclu- 
ive data on underground storage that 
may be summarized briefly as follows: 


Using semi-exhausted oil reservoir 
strata in some cases and, in other cases, 
productive natural gas strata that have 


not been produced to any degree at all, 
several millions of gallons were intro- 
duced, chiefly of commercial butane with 
smaller amounts of propane. Good re- 
sults were obtained in at least two in- 
stances where the surplus materials were 
introduced into the well bore as liquids 
and which, at least to a considerable de- 
gree, remained in the reservoirs as liq- 
uids, but little success was had in re- 
covery of the liquids from the ground. 
In attempting to pump such liquids from 
the ground by various pumping means, 
the volatility was found such that at ex- 
isting pressures, gasification would oc- 
cur, resulting in abandonment of liquid 
pumping. Where reservoirs were under 
depleted pressures, the liquid gasified on 
introduction, but no particular difficulty 
was experienced from freezing. In one 
trial by another company, however, the 
hydrocarbons remained liquid in the 
ground but attempt at rapid recovery 
caused gasification and a tight freezing 
of the entire well structure necessitated 
prolonged discontinuance. 

In one reservoir with an intermittent 
throughput of something like 10,000,000 
gal, 90 to 95 per cent of the first injected 
materials were recovered in the form of 
vapors that were handled through the 
regular gas gathering and processing fa- 
cilities, appearing as so much excess 
LPG. Complete recovery has not been 
attempted since. With fixed plant fa- 
cilities, any additional throughput of 
high content propane or butane gas may 
overload the existing equipment to the 
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extent that substantial increased produc- 
tion of propane and butane may not be 
fully realized. The production of such 
gases from storage zones to meet peak 
demand must be correlated properly 
with adequate extraction facility to give 
satisfactory results. 


In connection with a high pressure gas 
reservoir, it was found when opening the 
well after liquid injection, that a 99 per 
cent pure propane could be recovered 
in vapor form, which, however, soon be- 
came contaminated with methane and 
other natural gas diluents long before 
recovery of any reasonable percentage of 
the injected liquids. Here again, the pres- 
ence of other hydrocarbon diluents may 
affect the overall recovery of the pro- 
pane and butane and proper study should 
be made of all factors affecting the 
program. 


It is the tentative opinion from these 
experiments that where a structure small 
in areal extent can be found and prefer- 
ably one which has been depleted of nat- 
ural gas or oil at relatively shallow 
depths, it should be possible to introduce 
light hydrocarbon liquids and to recover 
them in large degree in liquid and gas- 
eous form. To date, no such structure 
has been utilized. 


The authors wish to thank George P. 
Bunn, of the Phillips Petroleum Com- 
pany, for his comments on underground 
storage of LPG and W. L. Cowan, of the 
Union Oil Company of California, for 
his data on future LPG potentials. » x 
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WYTEFACE “A” Steel Tapes 
have raised black graduations 
on a crack-proof white surface. 
Easy to read in any light, from 
any angle. Designed for hard 
service. Resist rust and corro- 
sion. Raised rims and markings 
protect the white background 
from abrasion from rails, pipe, 
rocks, concrete. Made in styles 
especially for Oil Riggers, Oil 
Gaugers and for general meas- 
urements. See your supply 
house, or write for details to 
Keuffel & Esser Co., Hoboken, 
New Jersey. 
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is used 


Like other progressive engineering firms, J. F. 
Pritchard & Company of Kansas City, Mo., builders 
and manufacturers of equipment for the oil and 
gas industry, report highly satisfactory results 
from the use of FLORITE DESICCANT in various 
types of drying units. Recent photographs of such 
equipment in which FLORITE is the drying agent, 
are reproduced in the main illustration and the 


smaller insert herewith. 


Natural gas, propane, butane, gasoline, air, 
nitrogen, carbon dioxide, refrigeration compounds, 
all are treated with superior drying efficiency by 
use of FLORITE. Selectively adsorbs 4 to 20G its 
weight of water—is regenerated by heating to 
350° F. Write for literature, names of important 


users in your own field. 





* Trademark Registered 


FLORIDIN COMPANY 


Department D, 220 Liberty St. 
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Buy Phoenix! 


Drop forged for strength and long, dependable 
service ... made of mild steel readily welded or 
machined .. . designed to meet ASA requirements 
and ASME and ASTM specifications . . . but there’s 
another good reason to buy Phoenix. You can get 
immediate delivery on a wide range of styles and 
sizes, all available now from stock. 

Write for your copy of the flange catalog and 
remember, when you buy flanges, buy Phoenix. 







PHOENIX 
YT) Ma 
FLANGES 


PHOENIX MANUFACTURING COMPANY 


JOLIET, ILLINOIS A, CATASAUQUA, PA. 
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@ Abstract. The year 1941 witnessed 
the American pipe-line industry serene- 
ly handling its business with 132,000 
miles of lines in service. The enormous 
demands of World War II for additional 
domestic overland transportation of 
crude oil and products required not only 
the construction of new large lines, but 
also the operation of existing lines at 
remarkable new throughputs. Further- 
more, the demands of the armed forces 
for at-the-front pipe-line service were 
met with distinction. 

This paper recites briefly the many 
noteworthy developments in pipe-line 
technology that made these feats pos- 
sible. Applicable to the older lines are 
discussed increased line capacities, im- 
proved customer service, other improved 
operating techniques, and improved 
maintenance methods. Discussed also are 
newer construction methods as well as 
trends in new line design. 

The paper should provide operators 
with a useful list against which to check 
the state of development of their own 
systems and their fitness to meet com- 
petition of new large lines in the tight 
economic period ahead. 





Hk ecent is what you make it, so we're 
going to review wartime as well as post- 
war advances in oil pipe-lining. We need 
go prewar only to observe that produc- 
ers, refiners, and marketers for 75 years 
have vied without stint to catch the pub- 
lic eye. Meanwhile pipeliners, like other 
subterranean life, were kept out of sight 
and mind. 

Then came World War II with its 
headlines—“Pipe lines and railroads 
prevent field shutdown”; “Big Inch lines 
span half a continent to keep refineries 
going”; “Product lines supply vital war 
markets”; “Portable pipe lines make 
mechanized warfare practical”; “Pipe 
line across Channel serves invasion 
army”; “Indo-Burma pipe line relieves 
China”; etc. True, the public also heard 
of 100-octane, toluol, and butadiene— 
but in petroleum it turned out to be a 
pipeliners’ war! That’s a recent devel- 
opment I am proud to review! But we 
must fervently pray that the publicity 
will not boomerang and make pipe lines 
even worse political footballs than pre- 
war. 

In discussing domestic pipe-line “de- 
velopments,”’ we shall avoid wishful 


*Presented before the Twenty-sixth Annual 
Meeting of the American Petroleum Institute, 
Chicago, Illinois, November 138, 1946. 


tChairman, API Topical Committee on Pipe- 
Line Technology; Shell Pipe Line Corporation, 
Houston, Texas; assisted by J. E. Mims of 
Shell Pipe Line Corporation, and suggestions 
by members of Topical Committee on Pipe- 
Line Technology. 
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Reeent developments in pipeline technology* 


By H. H. ANDERSON, Shell Pipe Line Corporation 


thinking, and shall postpone further ref- 
erence to WEP’s Jumbo and his bride 
because Pearl Harbor found us with 
about 132,000 miles of Not-So-Big Inch 
lines on hand to fight the war. These 
were modified and pushed to remarkable 
new efficiencies. Perhaps some of the 
techniques then developed can be prof- 
itably applied today—in fact, most of 
us can benefit from hearing of another’s 
experience. In the time allotted we can 
present little more than a layman’s list- 
ing of the many noteworthy develop- 
ments that have come to our attention. 


@ Improving older lines. Increased 
line capacities. The sinking or transfer 
of tankers forced immediate steps to in- 
crease capacities of existing lines. With 
but little new pipe and few prime mov- 
ers or pumps available, we taxed our 
ingenuity for methods to raise through- 
puts with equipment on hand. 


Looping lines: An obvious first method 
was the old one of adding pipe loops to 
our trunk lines. Most of the pipe used 
was taken from abandoned lines or wells, 
or was purchased second- or third-hand 
from junk dealers. Some of the loops 
were added as reserve crossings at rivers, 
thereby increasing line capacity not only 
in the orthodox way, but also through 
adding insurance against prolonged in- 
terruptions during flood-time breaks. 


Pipe-resistance reductions: The main- 
tenance of pipe walls free of wax or 
other deposits received much attention. 
Our distinctive “go-devil” or scraper has 
been improved in many ways. Neoprene 
disks and wire brushes have replaced 
hard-rubber disks and knives. On the 
larger scrapers, life of disks has been 
increased by building them around a 
hollow air-tight cylinder for buoyancy 
and by drilling angular holes through 
them to cause rotation in transit. These 
holes also enable the oil slip streams to 
flush the débris ahead of the scraper. 


Station capacity increases: Station ca- 
pacities were increased in many ways. 
In centrifugal pumps the casings were 
bored out, and the impellers were built 
up and rebalanced to raise deliveries 5 
to 10 per cent. In reciprocating pumps 
the cylinders were fitted. with oversize 
liners and plungers and—where possible 
—run at higher speeds. Motor-power 
outputs were stepped up far beyond nor- 
mal ratings, and some engines were 
supercharged to develop the needed 
extra power. 

Stream viscosity reductions: By in- 
jecting field gasoline plant products into 
crude oil streams, the stream viscosities 
were lowered, with resultant higher 
daily throughputs at normal station pres- 
sures. Adding greater amounts of light 
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products during winter months mini- 
mized the seasonal throughput decreases. 
Some crude streams regularly carried as 
much as 12 per cent of such “volatiles.” 
Refiners benefited greatly because the 
light fractions were valuable in the man- 
ufacture of 100-octane gasoline. 


@ Improved customer service. The 
war-accelerated quest for ways to better 
serve the customers has borne fruit in 
many ways. 

“Closed” crude oil lines: The advan- 
tage of operating crude oil lines without 
station float tanks is more and more re- 
alized. True, such operation in some in- 
stances has reduced their capacities as 
compared to the hoary practice of “put- 
ting and taking” into and out of station 
tanks before and behind each more- 
viscous batch of oil, but reductions of 
evaporation and inter-batch contamina- 
tion are attained as offsetting benefits. 
Batch interfaces can be readily followed 
through the lines by use of gravito- 
meters or, in product lines, by visual 
color comparison. Crude-line slowdowns 
due to “closed” operation can be min- 
imized by controlled blending or injec- 
tion of “volatiles.” 


Field segregation and blending: As 
an aid to refineries overtaxed by war 
demands, improved segregation of va- 
rious crudes and the controlled blending 
of others close to their origins not only 
simplified distillation processes, but also 
reduced the number of refinery tanks re- 
quired to assemble the several required 
charging stocks. Usually the pipe-line 
operator was able to render this aid with 
little or no increase in plant or cost. 

Running direct to refinery topping 
units: As another outcome of controlled 
blending in the fields, it was found prac- 
tical to run the crude oil streams from 
pipe line direct into the topping units. 
This practice also avoids evaporation 
losses of light or volatile-laden crudes 
from refinery stock tanks. Such line-to- 
still operation requires the pipe-line op- 
erator to keep the delivered stream uni- 
form in quality and reasonably free from 
water. The refiner must be continuously 
informed of possible changes in stream 
composition. This is determined by lo- 
cating at the pipe-line station imme- 
diately upstream such tell-tales as con- 
tinuous vapor-pressure recorders, water 
detectors, automatic samplers, and grav- 
itometers. 

Delivering products uncontaminated: 
Advances have been made in reducing 
contamination or intermixing of adja- 
cent batches in products lines. Further 
attention to choice of valve locations 
and elimination of dead spots has been 
found imperative. Some operators use 
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WE’VE COATED AND WRAPPED ENOUGH PIPE 
TO ENCIRCLE THE WORLD 


in our twenty years of serving the pipe line industry, 
we've coated and wrapped enough pipe to encircle the 
world. That’s a lot of pipe . . . it takes 130 million feet 
to go around once and we're long since past that figure. 





With this record, we feel that we know what it takes 
to “put permanence in pipe.” It requires skilled workers 
(80 of the top hands in the business) . . . special equip- 













ment and plenty of it (over 20,000 square feet under 
cover, with machines to handle every size) .. . ade- 
quate storage space (74 acres of it) . . . convenient 
loading ana unloading facilities (railroad sidings and 
paved roads) ...a thorough knowledge of methods 
and materials (here’s that twenty years again) . . . and, 
perhaps above all, a sincere personal determination to 
see that every job meets or exceeds specifications. 


PIPE CLEANING, COATING AND WRAPPING 
TO ANY SPECIFICATION 








HOUSTON, 














Q) 0725 BROS oe. 


TEXAS 








synthetic rubber plugs, water slugs, or 
neutral buffer stock between batches, 
but the trend is to discard these in favor 
of direct contact and keeping the stream 
moving above the “‘critical” velocity and 
under full line pressure at all times. Ex- 
cellent results are being obtained by 
this technique. 

In line loops the problem of avoiding 
contamination due to varying flow rates 
in parallel sections has been solved by 
manipulation of a valve to equalize pres- 
sure differentials across orifices in the 
two sections. 

Blending ethyl fluid into gasoline 
streams: Continuous blending of ethyl 
fluid into unleaded gasoline streams is 
another service performed by some prod- 
ucts-line operators. To do this, a compli- 
cated mechanism is required. However, 
as to its principle of operation, the 
weight on a beam scale is moved by a 
small motor clutched and released by 
differential pressure created by the flow 
of untreated gasoline through a venturi 
tube located in the pump station suction 
line. The movement of the beam actuates 
valves to inject the ethyl fluid into the 
stream at the proper rate. 


@ Other improved operating tech- 
niques. The pipe-line operator as well as 
his customers are better served by some 
of the practices just described. How- 
ever, other techniques of most benefit to 
the operator also were developed. 

Dispatching and communication ad- 
vances: The dispatching of many pipe- 
line systems has been simplified and 
expedited by the increased use of tele- 
phones and teletypewriters. Telegraph 
dispatching is becoming “horse-and-bug- 
gy” stuff! Radio now provides two-way 
communication with personnel in iso- 
lated or scattered gathering systems, thus 
enabling closer contact of dispatchers 
with field men. Mobile or stationary 
FM (frequency-modulation radio) units 
and walkie-talkies now are common 
links used to speed up field operations. 

During the war the extension of radio 
communication in private business was 
drastically curtailed; however, the Fed- 
eral Communications Commission has 
since recognized pipeliners’ rights to full 
use of this valuable tool. It has set aside 
appropriate bands in which wave lengths 
will be assigned to operators on proper 
application. 

Carrier currents superimposed on tele- 
phone or telegraph circuits are used to 
perform the new techniques known as 
“telemetering’ and “telegaging,” i.e., 
the long-distance transmission of pres- 
sures and other meterable character- 
istics. These are adapted to keep 
dispatchers constantly informed of pres- 
sures and flow rates at distant terminals, 
booster stations, or pressure-control 
points. Line breaks or other failures 
thus show up immediately in the dis- 
patchers’ offices as unreconciled pres- 
sure changes or as discrepancies between 
line receipts and deliveries. 

Fluids meter advances: “Closed” line 
operation, with its beneficial movement 
of volatile liquids, reduction of storage 
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tanks, and minimizing of evaporation 
losses, requires that streams be metered. 
Abrasive foreign material in most crude- 
oil streams limits the use of positive-dis- 
placement meters, although improve- 
ments are being developed to overcome 
this handicap. Inferential (throat or 
orifice) meters of various types thus are 
used extensively on crude lines for con- 
trol data. Positive-displacement meters 
are gaining wide acceptance on products 
lines and in marketing terminals, but 
they have been at a disadvantage due 
to lack of an accepted code of practice. 
The new tentative ASME-API Petro- 
leum PD Meter Code, just now available 
for distribution, eliminates this deter- 
rent. It culminates five years of work by 
a joint committee of oil-company engi- 
neers, meter manufacturers, and profes- 
sional staff. 

Automatic station development: With 
labor costs at an all-time high and the 
possibility of a shorter work week in 
sight, further development of unattended 
automatic booster stations moves ahead. 
Necessary control equipment now is 
hard to get, but it has been proved in 
service, and on future installations 
should be even more reliable. 

Mobile pumping units: Greater use is 
being made of mobile main-line pump- 
ing units. Many older stations were strip- 
ped of standby units that were reset 
either on new lines or as boosters on en- 
larged lines. To provide some standby 
for station failure, portable main-line 
units were mounted on skids for emer- 
gency service when or where needed. 
This development, as well as the dem- 
onstrated reliability of regular equip- 
ment under high load factors, has taught 
operators that much expensive station 
standby equipment can be economically 
eliminated. Use of such portable units 
permits periodic overhaul of regular 
equipment, and fills the breach in emer- 
gencies. Permanent foundation slabs and 
manifold connections at each station 
enable units transfers to be made with 
little time loss. 


Tank-suction booster pumps: Many 
oil storage tanks worth a dollar per bar- 
rel of gross working capacity are reduced 
in efficiency by adverse topography, long 
suction lines, or high bubble point of the 
crude. Automatic electric - powered 
pumps, both centrifugal and axial-flow, 
now are available that can be installed 
to advantage in the suction lines at low 
cost and with little disturbance to the 
piping. 

Engine fuel improvement: Use of run- 
of-stream crude oil as diesel engine fuel 
in main-line stations is convenient. But 
many crudes make poor fuel due to their 
content of sulphur, suspended solids, 
carbon residue, asphalts, and gums that 
cause corrosion and abrasion of engine 
parts and dilution and contamination of 
lubricating oils. Entrained water often 
causes unsteady operation or stalling. 
Some operators are stopping such trou- 
bles by local “refining” of the crude to 
produce suitable fuel. 

Gathering system improvements: 


Gathering systems have suffered long 
from a general lack of planning and 
sound engineering. Most of them, like 
Topsy, just grew. In newer fields, how 
ever, they are getting preferred atten- 
tion. Main arteries are being made 
larger, laid to trunk-line specifications, 
and graded for gravity flow. Lateral lines 
are being designed of welded steel for 
sweet crude service, of cement-asbestos 
or cement-lined pipe for sour crude, and 
all with facilities for scraping when nec- 
essary. There is a general trend toward 
standardization of lease-tank battery 
headers and field pumping units. The 
use of time switches, interval timers, 
automatic tank shutoff valves, pressure 
flow regulators, and other controls on 
field pumping units serve to increase 
efficiency and reduce costs. 

Better fire-fighting equipment: Most 
of us have some protection against fire, 
but recent developments of water fogs 
and other improved fire-fighting meth- 
ods and equipment indicate that we 
should make a careful check of present 
facilities for efficiency and economy. 


@ Improving maintenance methods. 
The importance of preventive or cor- 
rective maintenance has been magnified 
manyfold, because it has been almost 
impossible to obtain delivery of repair 
parts or new equipment. 

* Air patrol: Although the writer’s oil 
company was the only one to use air 
patrol during the war (beginning early 
in 1939 and flying with two planes about 
16,000 miles regularly each month), 
postwar has witnessed wide acceptance 
of air patrols for detecting leaks, wash- 
outs, or line exposures along rights-of- 
way. Personnel transportation, mapping, 
construction, maintenance of telephone 
lines, and general inspections of line 
conditions also are simplfied by use of 
airplanes. On weekly inspections of 
crude oil trunk lines, one air-patrol plane 
can perform the job of about 25 line 
walkers for one-fourth of the cost (about 
20 cents compared to 85 cents per mile). 
The patrols have proved equally effec- 
tive in leak detection, with a decided ad- 
vantage where they occur at river or 
creek crossings. Gathering system pa- 
trols are not generally practicable be- 
cause of their general layout and the 
presence of a maze of other lines. 

On products lines the patrol has 
proved unsatisfactory for leak detection. 
Product leaks are difficult to observe 
from the air, besides which at large ones 
there is danger (caused by gasoline 
fumes in an explosive mixture with air) 
to planes flying above them at hedge- 
hopping altitudes. The airplane is use- 
ful on product lines, however, for pe- 
riodic or special maintenance inspec- 
tions. 

Corrosion control: Corrosion con- 
tinues to be one of industry’s most se- 
rious problems. Many of the older trunk 
lines, badly deteriorated from soil cor- 
rosion, are being reconditioned and 
given new protective coatings supple- 
mented with cathodic protection. 

Gravity lines of steel pipe used for 
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Barrett Coal-tar Enamels, because of 
their resistance to moisture absorption, 
provide an efficient electrical insulation 
over long periods of time. 

Their high dielectric strength makes 
cathodic protection economical. Aware 
of this, engineers are today designing 
corrosion-proof pipelines, using protec- 
tive coatings which have high electrical 
insulation values and require less cur- 
rent and equipment per mile of pipeline 
to make cathodic protection economical. 


THE BARRETT DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 


40 RECTOR STREET, NEW YORK 6, N.Y. 


























Over a period of many years Barrett 
Coal-tar Enamels have demonstrated 
their ability to resist electro-chemical 
corrosion, because of their inherent in- 
sulation value. 

FIELD SERVICE — The Barrett Pipeline 
Service Department and staff of Field Serv- 
ice men are equipped to provide both tech- 


nical and on-the-job assistance in the use 
of Barrett Enamel. 


COAL-TAR 
ENAMEL 
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gathering in certain sour-crude fields on 
intermittent or low-velocity flow (less 
than 214 ft per sec) have a normal life 
expectancy as short as two years. Fre- 
quent scraping to remove accumulated 
brine and primary corrosion products 
has more than doubled their service life. 
Use of cement-asbestos pipe in such serv- 
ice is increasing, one such line being in 
fine shape after 10 years of service. Ce- 
ment-lined pipe should give more com- 
parable service for higher pressures if 
the joints are properly sealed. Work is 
in progress to develop injected corro- 
sion inhibitors for crude oil lines, but 
the results cannot yet be appraised. 
Products pipe lines have their own 


variety of internal corrosion. Data on 
very effective injected inhibitors have 
been widely publicized. Other measures, 
notably dehydration of product, have 
reached the stage of commercial use. 

Internal corrosion of the upper parts 
of tanks by sour-oil vapors is receiving 
vigorous attention. Most of the war-de- 
veloped lacquer surface finishes avail- 
able carry a volatile solvent that leaves 
defects in the film when it evaporates. 
Several coats of the lacquer are neces- 
sary for a perfect seal. The “experts” 
say that to be successful the film must 
be produced by oxidation, polymeriza- 
tion, or condensation. 

As to coatings for buried structures, 
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AN EXCLUSIVE FEATURE WITH HILL, HUBBELL! 
Mechanical coating-and-wrapping of T&C pipe without removal 
of MACHINE TIGHT couplings; thus, maximum coupling effi- 


ciency and substantial time saving to you. 


Write for detailed information on this special feature of proper 


service pipe protection. 








The tank car was first used on 
American railroads on November 1, 
1865, loading at Titusville, Pennsyl- 
vania, where the first oil well had 
been opened about six years before. 
It was a flat car fitted with two 
wooden tanks shaped like inverted 
tubs. 

ww 


many refinements in application now 
give a better job than heretofore and as. 
surance of almost complete protection 
for many years. In supplementary ca- 
thodic protection of trunk lines, the use 
of rectifiers is developing as the general 
practice. For protection of tank bottoms 
and shorter lines, sacrificial anodes of 
magnesium or zinc seem preferable; in 
fact, under favorable conditions they 
show a very low cost. 


Line reconditioning: This has become 
one of the largest, if not the most im- 
portant, maintenance jobs of the indus- 
try. Many vital lines were laid 20 or 30 
years ago when corrosion was not un- 
derstood. The higher wartime line pres- 
sures caused numerous leaks and rup- 
tures that disclosed the damage done to 
pipe walls by corrosion. Corrective meas- 
ures are being taken at a rapid rate by 
many operators. Among the improved 
techniques recently found for this work 
is a “reclaimer,” which in one rapid and 
continuous operation strips the earth 
from the line and forces the pipe to the 
surface without damaging it. 

After a line has been raised, any of 
several methods may be used in recon- 
ditioning. Where damage is extensive, 
the pipe can best be removed to a cen- 
tral location for repair. Coating and 
wrapping may be done there or after the 
pipe has been tied back into the line. 
“Over the trench” reconditioning (with 
the line kept in service) is cheaper and 
faster. When badly damaged sections 
are replaced, the line, of course, must 
be shut down long enough to permit cut- 
ting out the damaged section and splic- 
ing in the new pipe. The equipment used 
in reconditioning is, generally speaking, 
not new; but many recent advances have 
been made to speed up and improve the 
quality of the jobs. 

Emergency-line repairs: To expedite 
emergency-line repairs, truck-mounted 
repair units, with all necessary tools or 
facilities, are being used to reduce labor 
costs as well as shutdown time and oil 
losses. Improved pipe-tapping and plug- 
ging devices increase the efficiency of 
making cuts in both crude and product 
lines. Avoiding need for mud or asphalt 
plugs reduces contamination. These de- 
vices are of ancient origin but of more 
recent popularity. 

Machinery maintenance: During the 
war, with little or no standby equipment 
in pumping stations, operating continu- 
ity records were established that reflect 
great credit to the maintenance person- 
nel, and stand as an epic demonstration 
of their ingenuity. Much machinery and 
equipment downtime is caused by minor 
and easily correctible_ weaknesses. Con- 
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proses. CARRIER EQUIPMENT, installed on the communi- 
ARKANSAS cation lines shown here, saved approximately 6580 miles 
of hard-to-get copper, and avoided the expense and delay of 
line construction and maintenance — a total of almost three 
million dollars in labor and materials! 

‘el On each of these circuits, one or more extra telephone or 
telegraph channels were provided over existing lines. This 
includes 14 major railroads, oil companies, power companies, 

i aacaas and independent telephone companies. And this is but a 
single year’s growth in the use of Federal carrier equipment 
MiSSisSiPrt new lines are continually being added to the list. 
Federal offers a complete line of Carrier Telephone and 
Telegraph Systems — equipment of proved dependability 
LOUISIANA and economy. FTR 9-A-1, single channel; FTR 9-B-1, 3- 
channel; FTR 9-C-1, Speech-plus-duplex; 9-D-1 Telephone 
Repeaters; FTR 9-E-1, multi-channel; and FTR 9-F-1, 
single channel, second story. For information, write to Federal 
today. Dept. H740. 
100 KINGSLAND ROAO, CLIFTON, NEW JERSEY 
REEPING em YEARS AHEAD... is = h the Federal in Canada: — Federal Electric Manufacturing Company, Ltd., Montreal. 
ation, of whic e ero . pm . : q .. N.Y.C. 
Witcconenscoice Lobtvteron toogs Ciets ore Export Disbaer:—lntrntonl Sunder Elec Corp, 67 Bred 8, W.¥.€ 
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sider, for instance, the conventional high- 
pressure plunger pump. Use of steel fluid 
ends stops the costly failures of cast 
iron. Light-weight alloy or micarta valves 
almost eliminate valve grinding and seat 
replacement. Packing and plunger re- 
placements can be minimized by choice 
of plunger materials. Stainless steel 
(metalized on an iron base) or porcelain 
plungers wear 10 times as long as the 
best iron ones and show none of the 
characteristic grooving. But it took a 
war to awaken some of us to such now- 
obvious improvements! 

@ Newer construction methods. In line 
construction the development of new 
methods, or the complete acceptance of 
older ones, is apparent. 


Aerial surveys: Use of aerial surveys 
to assist in the selection of pipe-line 
routes is “old stuff” for those who could 
afford it, but it has since become a 
“poor boy’s” method as well, because 
contact prints covering large sections 
of the United States now are available at 
nominal cost from the U. S. Agricul- 
tural Adjustment Administration in 
Washington. 

Pressure welding: “Pressure” or solid- 
phase welding has been used a great 
deal on recently laid lines. Speaking 
generally as to costs, arc welding is 
cheaper for pipe sizes up to 8 in.; costs 
are about the same for 10-in. pipe; and 
pressure welding is cheaper for larger 
sizes. The new technique is faster, and 
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STOP CORROSION 
Before It Starts... 


with Reilly 


PIPE ENAMEL 


@ The certain way to stop corrosion 
on a pipe line is to stop it before it 
starts—by preventing it. And the best 
way to prevent it is to coat the pipe 
with Reilly Enamel. This tough, dur- 
able coating completely seals and in- 
sulates the metal against corrosive 
agencies, including moisture, gaseous 
vapors, soil acids and alkalies, elec- 
trolysis, and the action of both fresh 
and salt water. The pipe is also de- 
pendably protected against abrasion, 
soil stress, direct impact or shock, and 
extremes of temperature. 


Reilly Enamel is manufactured in 
two grades and to meet special re- 
quirements. Booklet describing Reilly 
Protective Coatings for all surfaces 
will be sent on request. 


REILLY TAR & CHEMICAL 
CORPORATION 


Merchants Bank Bidg. « Indianapolis 4, Indiana 
500 Fifth Ave. New York 18 » 2513 S. Damen Ave , Chicago 8 








speed is a function of wall thickness 
rather than circumference. The joint 
strengths are as high or higher than the 
pipe wall if the welding is performed 
correctly. 

Gamma-ray weld inspection: One or- 
ganization reports the use of a gamma- 
ray inspection to insure good-quality 
field welds. It is done by wrapping a 
sensitized film in a light-tight container 
around the outside of the weld and in- 
serting a radioactive element centrally 
in the pipe behind it. After a 15-min ex- 
posure, they are removed and a plug is 
welded into the small hole through 
which the element was inserted. The lo- 
cation, nature, and extent of weld im- 
perfections show up clearly on the nega- 
tives and can at once be corrected. 

Hydraulic line-up clamps: The dis- 

tortion of big-inch pipe in handling and 
stringing has led to the development of 
a clamp that forces the abutting walls 
into alignment, and thereby aids weld- 
ing. Users claim a decided increase in 
speed of laying the larger lines. 
@ Trends in new line design. [ referred 
before to the WEP lines as Jumbo and 
his bride, neglecting to complete the 
metaphor by remarking that they are 
now our prize “white elephants.” But, 
technically speaking, they are remark- 
able forerunners of a new era in pipe- 
lining. Designers of new lines are in- 
cluding many of the beneficial improved 
operating techniques already described, 
as well as newer equipment just now 
reaching the market in commercial quan- 
tities. In addition, they are benefiting 
by the Big Inch experience. 

Larger pipe diameters: Experience 
has proved that it is more economical 
to obtain high throughputs by use of 
larger pipe than by increasing the num- 
ber of stations or the line pressure. This 
is due partly to higher index cests of 
labor and machinery compared t¢ costs 
of steel pipe. Even with the viscous crude 
oils of California, some operators are 
concluding that use of larger lines run 
at atmospheric temperatures art: more 
economical than smaller ones in which 
the oil must be heated at each sstation. 
Thus, new and proposed lines of larger 
diameter are being designed with an 
eye to the future as well as the present. 
New lines probably will start operation 
at medium pressures or with extraordi- 
nary wide station spacing that will per- 
mit economical increases in pressure or 
number of stations to meet future needs. 
Increases in allowable fiber stress of 
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The nation’s oil production of some 
4,750,000 bbi daily from some 421,- 
000 wells in 24 states all leaves the 
well by pipe line. The 411 active re- 
fineries located in 36 states receive 
about 77 per cent of their domestic 
crude, or more than 3,500,000 bbi 
per day, through this medium. The 
remainder is delivered to waterside 
refineries by tankers and barges. 
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steel line pipe through use of high-grade 
alloys and cold working has made this 
possible. 


Thinner pipe walls and telescoping 
weights: Improvements in pipe coatings 
and cathodic protection as a guard 
against soil corrosion, as well as higher 
strengths of the steel used, are permit- 
ting the use of thinner pipe walls. Nor 
do we need to use one wall thickness 
throughout a line because, by carrying 
the wall thickness in proportion to the 
hydrostatic head, we can save on the 
steel cost and yet keep a reasonable fac- 
tor of safety. 


Larger pump sizes: The increase in 
line size has required correspondingly 
greater pump capacities. The centrifugal 
pump has steadily gained popularity, 
even though it remains somewhat less 
efficient in energy consumption than the 
plunger pump. This popularity is due 
in part to low first cost and the special 
suitability of centrifugals for “closed” 
line operation. The old practice of con- 
necting centrifugal pumps in parallel 
is now obsolete. 

Improved pump design: Higher-speed 
triplex and quintuplex pumps are in use 
by at least one operator. Prime advan- 
tages are compactness and reduction of 
line surges. New vertical variable-stroke 
pumps are proving popular. By auto- 
matic or manual control, the plunger 
stroke of these can be varied from zero 
to a maximum while the pump is in op- 
eration. Their design, in effect, com- 
bines the flexible-volume characteristics 
of a centrifugal pump with the mechan- 
ical efficiency of the plunger type. 


Engine design trends: Due to its flex- 
ibility and greater economy, diesel pow- 
er still holds the advantage over electric 
power. Engine-design trends now, as in 
the past, are toward decreased weight- 
horsepower ratios and lower first cost. 
Increased reliability, compactness, oper- 
ating economy, and ease of maintenance 
are prime objectives of the designers. 
The use of superchargers is increasing, 
and “dual-fuel” engines that run on vari- 
ous ratios of gas and oil are available. 
Closed cooling system, usually shell-and- 
tube heat exchangers, are replacing the 
less economical open types. 


Improved general-station design: Pip- 
ing manifolds are being placed above- 
ground to stop corrosion and make fo1 
accessibility. Station floors are being 
placed several feet above ground level 
to clear the manifold piping which is 
brought in through the floors to the 
pumps or instruments. Station buildings 
are being designed to perform their 
functions better. Noteworthy features 
are more convenient location of panels, 
engines, pumps, and auxiliary equip- 
ment; better ventilation and heating 
systems; noise-reduction treatments; 
and provisions for greater personnel 
safety. Even better lighting and proper 
contrast of colors for eyestrain reduc- 
tion are not overlooked. 


River crossings: For river crossings, 
more operators are using suspension 
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The safety factors built into Naylor 


YOU'RE SAFE 
with NAYLOR 
in 

Oil Field Service 


light-weight pipe have made it 
outstanding in oil field service. The 
exclusive Lockseam Spiralweld provides 
the reason. Acting as a continuous 
expansion joint, this structure absorbs 
shock loads, vibration, expansion and 
contraction. This factor of “give” 
insures closer conformity to 
topographical conditions without any 
sacrifice of strength. For vacuum lines, 
gas and oil lines, and gathering lines— 
wherever safety is a factor—it will 


pay you to specify Naylor. 






Write for Naylor Catalog No. 44 


NAYLOR PIPE COMPANY 


1240 East 92nd Street e Chicago 19, Illinois 
New York Office: 350 Madison Avenue e New York 17, N. Y. 


MID-CONTINENT SUPPLY COMPANY 


Fort Worth, Texas and Branches 


Exclusive Distributors in Arkansas, Kansas 
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bridges. For submerged lines the time- 
honored river “clamps” or weights are 
being abandoned in favor of welded 
sleeves to reinforce the pipe joints. 
Opinion varies as to whether buried 
river-crossing pipe should be coated, but 
the use of cathodic protection is general. 


Speeded-up scraper handling: Greater 
use of scrapers in large lines has brought 
innovations in scraper spool and trap 
design. Injection is aided by use of 
slightly larger-diameter spools. Traps, 
built long enough to hold several scrap- 
ers, avoid the need to remove each sep- 
arately. Traps made in diameter several 
inches larger than the line, and with 
small pipes tack-welded internally to 
center the scraper, reduce sticking and 
aid removal. For convenience, good 
housekeeping, and safety, the traps and 
input spools are being placed above- 
ground. 

Electrical equipment: Electrical gear 
in pump stations has been steadily im- 
proved, and explosion-proof equipment 
is being installed almost entirely. The 
war forced the design of motors with 
less metal, but with no sacrifice in 
strength. Unitized transformer sub-sta- 
tions now allow for better circuit ar- 
rangement. Forced-draft cooling of these 
has enabled them to carry greater loads. 

As a means of avoiding shutdowns of 
electric-driven pumps due to circuit- 
breaker kickouts caused by power-line 


A major oil company has an- 
nounced plans for the completion of a 
more than 3000-mile-long petroleum 
products pipe line system that will 
connect its refineries on the Atlantic 
Coast, Gulf Coast and Great Lakes 
region into a coordinated network. 
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surges during storms, a manufacturer 
and an operator have cooperated to de- 
velop a quick-acting relay that will reset 
the breaker within 20 cycles (1 sec) 
of the kickout and before the motor slows 
down too much. This device should 
prove a blessing on “closed” lines, be- 
cause at present the shutdown of one 
station often over or under-pressures the 
relays at the other stations—causing 
them to shut down also. 

Tank farm design: Large tanks are 
being constructed of greater heights and 
smaller diameters to reduce the effects 
of inactive height and increase their 
volumetric efficiency. This design re- 
quires thicker shell sheets and heavier 
foundations to carry the increased pres- 
sures. Better devices for ground-level 
and remote gaging reduces earlier ob- 
jections of gagers to high tanks. In tank 
farms, as at the newer stations, piping 
is being placed aboveground to good 
advantage. 

The urge to conserve volatiles has de- 


veloped methods of interconnecting 
groups of fixed-roof tanks with spheres 
or “balloons” which serve as gasometers. 
On many pipe lines, however, the float- 
ing-roof types of tank have proven to be 
the most flexible and efficient, with re- 
gard not only to vapor conservation but 
also to prevention of internal corrosion. 
A large number of older fixed-roof tanks 
have been or are being equipped with 
floating roofs. 


@ Conclusion. As was said previously, 
this paper is little more than a list of 
the noteworthy recent developments of 
our industry. We are offering it as a use- 
ful check list for all operators. The oil 
trade journals have been rich in fine 
articles describing fully most of these 
advances—readily available for the prac- 
tical guidance of anyone who seeks to 
apply them to his own system. 

Many of us can do little more than 
dream of building completely new sys- 
tems. The mileage of new lines now pro- 
posed is insignificant compared to the 
mileage of lines that must remain in 
service. But, faced with the economic 
competition of some new larger lines, 
and placed between the rock of the Con- 
sent Decree and the hard place of fur- 
ther increases in labor and material 
costs, we shall be well advised to use 
all applicable improved techniques and 
get our houses in good order for the 
squeeze. ka * 
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An additional channel for SHORT HAULS 


Include with inquiries, technical data concerning your line. 





75 Miles > 


COMPLETE 


Ready for installation: 
$7372 per terminal 


Double the capacity of your present short haul telephone 
line without the expense of an additional copper pair. 
Lynch Model 1 Short Haul Carrier operates up to 75 miles 
on open copper line. Complete with ringing. Readily adapt- 
able to dial service and use with existing single channel 
systems operating on frequencies below 11. KC. Automatic. 
Only 3 tubes. Includes line filter. 


LYNCH C2cuie Systins 


3 EXTRA VOICE CHANNELS OVER ONE PAIR COPPER WIRES 


F. W. LYNCH CO 


* 94 Natoma Street »* SAN FRANCISCO > 


Phone SUtter 3790 
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Pilot pipe line unit for determining 
viscosity-temperature relationships* 


By R. B. BECKMANN,’ H. G. CORNEIL, and R. J. MICHAEL, Humble Oil and Refining Company 


@ Abstract. A pilot pipe-line unit and 
the experimental technique used in de- 
termining the apparent viscosities of 
high vapor pressure, waxy crude oil 
samples at various temperatures are des- 
cribed. 

@ Introduction. Reliable viscosity data 
for waxy crude oils at the lower pipe 
line operating temperatures cannot be 
obtained with conventional laboratory 
viscometers, because the wax crystals 
present in the crude cause irregular flow 
in tube or orifice-type instruments. Fur- 
thermore, excessive weathering of high 
vapor pressure crudes occurs in instru- 
ments of the Stormer or Macmichael 
type, commonly used to obtain viscosity 
data on heterogeneous fluids, during the 
relatively long period of time required 
to reach equilibrium at the low tempera- 
tures used. Since, in the past, these unre- 
liable data were all that were available, 
it has been necessary to employ large 
safety factors in pipe-line hydraulics de- 
sign calculations with the resultant over- 
design and excessive equipment cost. As 
described in this paper, an apparatus of 
special design has been constructed and 
operated to obtain reliable viscosity data 
on waxy crude oils. The equipment used 
is a pilot scale pipe line unit; it requires 
an oil charge of approximately 20 gal 
for operation. It is believed that the ex- 
perimental technique developed during 
these studies will be of considerable 
value to others confronted with similar 
problems. This paper describes the tech- 
nique used and present typical data 
tained in measuring the apparent viscosi- 
ties of volatile, waxy crude oil samples 
at various temperatures. 

@ Description of pilot unit. A simpli- 
fied flow diagram of the pilot unit used 
for the studies is shown in Fig. 1; a more 
detailed diagram is shown in Fig. 2. The 
unit consists essentially of 60 ft of 0.314- 
in. ID KA2S seamless tubing through 
which the oil sample is pumped under 
measured, controlled conditions of tem- 
perature, pressure, and flow rate. The 
60-ft test section consists of two straight 
30-ft sections connected with a “U” bend. 
Each of the four pressure taps on the 
test section is 6 in. (19 pipe diameters) 
from bends, curves, and other flow dis- 
turbing influences to allow sufficient 
calming lengths prior to any given pres- 
sure reading. The entire test section is 
enclosed in a liquid propane constant 
temperature bath. The temperature of 
the bath is controlled by balancing man- 
ually controlled heat input from a steam 
heater tube with instrument-controlled 
refrigeration from another tube in which 





*Published in AIChE Transactions, Vol. 42, 
Nos. 5-6, October-December, 1946. 

¢Present address, Department of Chemical 
Engineering, Carnegie Institute of Technology, 
Pittsburgh, Pennsylvania. 





propane is evaporated. The pressure on 
the bath, corresponding to the desired 
temperature (bubble point of the bath 
liquid), actuates the instrument that 
controls the diaphragm valve in the 
liquid propane refrigeration supply. 
The blend tank or reservoir has a ca- 
pacity of 30 gal. This large volume was 
chosen to provide an adequate supply 
of oil for measurement of flow rates as 
well as to minimize fluctuations of the oil 
temperature in the blend tank. The oil 
sample after being charged to the unit is 
heated to 110 F and circulated through 
the entire unit, with the exception of the 
test section, for 30 min to insure com- 
plete mixing. The oil sample is then 
cooled to just below the lowest tempera- 
2) PRESSURE GAUGE 
"nd i aclbases Zaaite 


60° 14” KA2S SEAMLESS PIPE 


ny 
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ture to be studied, by circulating it 
through a jacketed coil that is cooled 
with manually controlled evaporating 
propane. When the desired temperature 
is reached, the oil is admitted to the pre- 
viously described 60-ft test section. Im- 
mediately ahead of the test section is a 
40-ft. section of ¥-in. pipe that is im- 
mersed in the instrument-controlled boil- 
ing propane bath; this 4-in. pipe sec- 

* tion provides final precise temperature 
adjustment. 

During operation of the test section, 
control of the desired pressure drop 
across the section is maintained by con- 
trolling the pressure at the inlet of the 
section with an instrument that actuates 
a diaphragm valve in the bypass line 
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FIG. 1. Simplified flow dia- 
gram of the pilot pipe line unit. 
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FIG. 2. Flow diagram of 
the pilot pipe line unit. 
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1. CURVE FOR TRUNK PIPE LINE SYSTEM, 
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FRICTION FACTOR, f 
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FIG. 3. Reynolds Number vs. friction factor. 


between the pump discharge and the 
blend tank. Measurement of the oil flow 
rate is obtained by passing the effluent 
from the coil into either one of two calli- 
brated measuring tanks of appropriate 
size. Pressures at the inlet and outlet 
of the test section are measured with 
duplicate, dead weight calibrated pres- 
sure gauges. A 50-in. mercury manom- 
eter measures the pressure drop across 
the return bend; this pressure drop is 
subtracted from the overall pressure drop 
across the test section to obtain the pres- 
sure drop across the 60 ft of straight 
pipe. All streams that enter the blend 
tank are delivered well below the top of 
the oil to prevent air bubbles being oc- 
cluded in the oil. The entire unit is total- 
ly enclosed; as a result the oil sample 
can be maintained indefinitely without 
vapor loss. 

Conventional iron-constantan thermo- 
couples in stainless stee] thermowells are 
used to measure the oil temperature at 
the inlet and outlet of the test section. 
Wax deposition on the walls of the test 
section is prevented by allowing heat to 
be transferred only from the outside of 
the pipe to the oil inside; thus during 
the study of any one sample, the tem- 
perature of the oil is increased as re- 
quired from time to time, while main- 
taining the temperature of the bath that 
surrounds the test section above or equal 
to the oil temperature. In case it is nec- 
essary to reduce the temperature of the 
oil from check runs or for any other 
reason, the test section is cleaned before 
making the temperature reduction by 
circulating warm solvent naphtha 
through it and then blowing it dry with 
air. The solvent naphtha wash system is 
not shown on either of the flow diagrams. 

During the study, it was found that 
the temperature control and circulating 
pump performance permitted viscosity 
determinations to be carried out on oils 
with viscosity values as high as 4100 Say- 
bolt Universal Seconds (SUS). The De- 
Laval gear pump used to circulate the 
oil is rated at 12 gpm at 1725 rpm and 
can be operated at discharge pressures 
as high as 500 psig. Higher viscosity 
values could be measured by employing 
a pump, with a higher discharge pressure 
rating. 


264 





@ Calibration and operation of pilot 
unit. The pressure drop, friction factor, 
and Reynold’s number relationship are 
used in calculating the apparent vis- 
oosity of the oil sample from the known 
and observed data such as pipe diameter, 
gravity of sample, pressure drop, and 
flow rate. Dewaxed or wax-free oils of 


known viscosity-temperature relation- 
ships were employed to establish the fric- 
tion factor-Reynold’s number curves for 
the 60-ft test section and thereby cali- 
brate precisely the pilot unit. A plot of 
these factors is presented in Fig. 3. As 
would be expected, it was found that: 

(a) In the viscous flow region, the 
curve corresponded precisely 
with the curve that is presented 
in various textbooks and hand- 
books. The relationship of Rey- 
nold’s number and friction factor 
is not influenced by pipe diameter 
in the viscous flow region. 

(b) In the turbulent flow region the 
position of the Reynold’s number 
vs. friction factor curve was 
slightly different from the curves 
in the literature for pipes of av- 
erage diameter and roughness. 

The curves that were developed for 

the pilot unit were used in the subsequent 
determination of the viscosity of the 
waxy blends. Both viscous and turbulent 
flows were employed in making the vis- 
cosity determinations; data that fell in 
the critical region (transition between 
viscous and turbulent flow regions) were 
not used in establishing the viscosity 








TABLE 1. Apparent viscosity determinations—pilot pipe-line unit 
experimental data. 


Feed stock composition: Heavy Coastal gas. 
Laboratory inspections: Gravity at 60 F=26.9° API. 


Laboratory viscosity, SUS=148" at 70 F, 73.5” at 100 F, 52.8” at 130 F. 








Net 

pressure Flow rate, Average Friction Reynolds | Apparent 

Run number drop, gpm temperature, factor, number, viscosity, 
psi F. f Nee SUS 
EE I TaN PTE Oe 95.2 2. 81.5 110 
| Pern 69.3 2.2 86.0 98 
Me ines cseshessaem sr alorniassierged score atinaseais ce 35.8 1.228 86.5 95 
| EE eee oh nee nee 60.1 2.757 103 75 
Baa Kiceshiaices Cai dlawne ka acba coe 77.6 1.954 74.5 124 
— SEER 68.1 1.685 75.5 126 
FEO ee, 37.9 0.968 75.5 123 
| ER A a Ree e ne 16.1 0.444 77.5 117 
Sa eee 74.8 2.670 87.5 92 
Bs kck a nckuniiseaciaanemncrenan 74.0 2.730 89.0 90 
ER ere 74.2 2.790 90.5 88 
SR ree: 88.7 2.330 76.0 120 
DU Gakskadtenmesaesauaseieaac anne 17.6 0. 76.0 120 
| EEE Rees: 79.3 - 85.0 96 
EER eee 42.0 1; 85.5 92 
te abies naaacnenie eek winb-abeuarseeaian 76.9 iB 62.0 166 
| EE eee 50.1 0. 62.5 160 
18 16.5 0. 63.0 171 
97.4 1. 52.5 249 
e 97.4 :; 52.5 249 
a 124.8 a) 44.5 349 
eT aa: 123.8 1.080 44.5 346 
Bir aih ciaoehiss oda datiamaisciecmanuaieis 185.2 1.070 37.0 522 
__ SRR Ee ey Ee 186.9 0.710 27.5 790 























Note: In this table and the following tables of the series, a friction factor and Reynolds Number will be indicated for only 
those runs in which flow is turbulent. For those cases where flow is viscous, , 
parent viscosity, however, the Reynolds Number is used to determine whether the flow is viscous, turbulent, or in the critica 


region. 





TABLE 2. Apparent viscosity determinations—pilot pipe-line unit 
experimental data. 


Feed stock composition: Dewaxed light motor oil. 
Laboratory inspections: Gravity at 60 F=30.1° API. 


Laboratory viscosity, SUS=354” at 100 F, 167.6” at 130 F. 








these items are not necessary to calculate the ap- 








Net 

pressure Flow rate, Average Friction Reynolds Apparent 

Run number drop, gpm itemperature, factor, number, viscosity, 
psi a { Nee 8USs 
eae coba-hee himbicshee kbc mmremeeees 107.4 0 68.0 917 
is -AckUeickcakanmbaeewenewececae 47.4 0 68.0 908 
— een een 37.4 0 79.5 635 
Dt an dcaaaaEetbabnccakssasanmehe 53.5 0 80.5 612 
Be atienGs ckonsaaanasaaumeacnc 138.5 0 81.0 601 
De cn dc cs csdunsanssinasaaccawewe we 134.6 90.0 452 
| 76.1 0. 90.5 440 
Gs 32.3 0. 90.0 447 
ee rca a pene aeeeceake 137.1 a: 101.0 335 
De ek chin bi ccibpicndaeaceneaawn 64. 0 102.0 320 
Mc ckeKbkssanacwetencmancankeun 26.7 0 103.0 322 
ML ncnasamesiaehscecacacaxanctusde 120.5 0 34.0 4100 
EE ea err eer 103.5 0 49.0 2100 
_ Ee ae ee 104.2 0 57.5 1380 
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Gaso’s installation record files, probably the most 
comprehensive of their kind, contain detailed speci- 
fications of all of the thousands of pumping units 
made by this company during the past twenty 
years. Each tells a complete story of the make-up 
and arrangement of the unit to which it applies, 

These records help us in three ways to maintain 
our supremacy in the field of complete portable 
pumping units: (1) they assure fast, correct service 





E PORTABLE 
NG UNITS 


on even the earliest of Gaso installations, many of 
which are still functioning; (2) they enable us to 
duplicate specifications for customers who have 
standardized on a particular type of unit, and 
(3) they make available to our engineers a vast 
treasury of applied experience in the design and 
assembly of pumping units. 

Gaso is your logical source of supply for com- 
plete portable pumping units. 


GASO PUMP & BURNER MFG. CO. 


902 EAST FIRST ST., TULSA, OKLA. Export Office: 149 Broadway, New York 
Shreveport: W. L. SOMNER CO., 419 Loke Street © Los Angeles: PRODUCTION EQUIPMENT CO., Inc, 651 E. Gage Ave. 
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FIG. 4. Apparent viscosity of dewaxed 
light motor oil and heavy Coastal gas oil. 
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FIG. 6. Apparent viscosity of crude, 


characteristics of the sample. The turbu- 
lent flow region was, in general, encount- 
ered at temperatures above the wax point 
where corresponding viscosity values 
from laboratory viscometers were avail- 
able. Both turbulent and viscous flow 
were encountered in the waxy region. 


The validity of the pilot unit data for 
idea] fluids was established by compar- 
ing pilot unit and laboratory viscosity 
data on a dewaxed light motor oil and a 
heavy Coastal gas oil. It was demon- 
strated that the viscosity-temperature 
data calculated from the pilot unit data 
were in precise agreement with labora- 
tory data obtained on conventional tube 
or orifice type viscometers. The viscosity- 
temperature data for the dewaxed light 
motor oil and the heavy Coastal gas oil 
used in this comparison are shown in 
Fig. 4; the data are tabulated in Tables 
1 and 2. As the heavy Coastal gas oil 
exhibited waxy characteristics below 60 
F’, the data obtained below this tempera- 
ture were not used in the comparison. 
The viscosity data obtained throughout 
these studies are plotted on ASTM 
Standard Viscosity-Temperature Charts 
for Liquid Petroleum Products (D-341- 
39) for convenience, since a straight line 
relationship generally exists for petro- 
leum oils when the data are plotted on 
this chart. 

To establish the validity of the pilot 
unit data in the waxy region it was nec- 
essary to compare the flow character- 
istics of a waxy oil in the pilot pipe-line 
unit with corresponding values observed 
on a commercial scale trunk pipe line. 
To do this, a series of tests was run on 
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APPARENT VISCOSITY DETERMINED 
BY TRUNK PIPE LINE TESTS SUS 


APPARENT VISCOSITY 
DETERMINED BY PILOT UNIT SUS 


FIG. 5, Comparison of apparent 
viscosity values determined by 
pilot unit and trunk pipe line tests. 


a 40-mi. section of Humble Pipe Line 
Company’s 10-in. trunk pipe-line sys- 
tem, during which complete flow data 
were observed and composite samples 
of the crude flowing in the trunk line at 
the time were taken. A scraper was run 
through the trunk line immediately be- 
fore each test was conducted to preclude 
the presence of wax on the walls of the 
pipe. From the flow data, the apparent 
viscosity of the crude flowing, at the op- 
erating temperature, was calculated. 
This value was compared then to an ap- 
parent viscosity value calculated from 
the pilot unit data obtained at the same 
temperature on the sample of crude col- 
lected during trunk pipe-line test run. 
The ten test runs that were carried out 


December test sample 39.8 API. 


on the trunk pipe line covered a vis- 
cosity range of 42 to 67 Saybolt Uni- 
versal Seconds (SUS) at operating tem- 
peratures from 49 to 90 F. The appar- 
ent viscosity values obtained with the 
pilot unit on composite samples of the 
crude from each of the test runs agreed 
closely with the corresponding appar- 
ent viscosity calculated from the pipe 
line test data. A comparison of the pilot 
unit and trunk pipe-line viscosity values 
is presented in Fig. 5. 

As good agreement was obtained be- 

tween the pilot unit and trunk pipe line 
apparent viscosity values throughout 
the waxy as well as the non-waxy tem- 
perature ranges, it was concluded that 
pilot unit values were reliable. A fur- 
ther indication that the pilot unit values 
were reliable is that the apparent vis- 
cosity values obtained were identical at 
any given temperature over a broad 
range of flow rates regardless of whether 
the oil was waxy or non-waxy or the 
flow viscous or turbulent. This is con- 
trary to the usual behavior of hetero- 
geneous fluids. 
@ Typical examples of data obtained 
on the pilot pipe-line unit. To illus- 
trate the accuracy and range of the data 
obtained on the pilot unit several ex- 
amples of the data are presented. 

In Fig. 6 and Table 3 are presented 
the data obtained on the pilot unit on 
the crude sample collected during the 
December, 1944, test run on the trunk 
pipe-line system. Fig. 6 illustrates both 
the agreement between pilot unit and 
laboratory values in the homogeneous 
region and the agreement between the 
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In the pipe line construction business, Oklahoma 
Contracting Co., Inc., gets the oil industry’s OK 
of approval. For almost 30 years “OK” jobs all 
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apparent viscosity calculated from the 
pilot unit data and that calculated from 
the trunk pipe-line tests. 

In order to investigate both the op- 
erable range of the pilot unit and the 
effect of increasing waxiness on the 
apparent viscosity in the waxy region, 
samples of residuums obtained from a 
waxy crude were blended in varying 
proportions with the original crude and 
the blends were evaluated for viscosity- 
temperature characteristics on the pilot 
pipe-line unit. In Fig. 7 are presented 
typical data obtained from several of 
these blends. The right-hand plot shows 
the apparent viscosity-temperature re- 
lationship for the actual blends and in 
the left-hand plot the data are cross- 
plotted to permit easy interpolation to 
any percentage blend at varying tem- 
peratures. The same ASTM chart used 
for expressing the viscosity-temperature 
relationships can be used for cross-plot- 
ting to viscosity-percentage relationships 
by using the portion of the ASTM chart 
between 0 F and 100 F and converting 
the temperature ordinates to percentage 
ordinates. 

The above examples have been cited 
to illustrate but two of the uses for which 
this type of pilot unit may be employed. 
\s previously mentioned, the technique 
and apparatus involved should prove 
useful for obtaining apparent viscosity 
values for use in hydraulic calculations 
for many high vapor pressure and/or 
heterogeneous systems wherein the con- 
ventional laboratory viscometers are not 
satisfactory. 

@ Appendix. 

The following is a resumé of the fluid 
flow equations used throughout this 
study: 

1. Fanning equation for both viscous 
and turbulent flow: 

flpv? 

P 2e.D (ee ce ee Oe 

Where: 


P = pressure drop, psf, 
f = friction factor, 
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FIG. 7. Apparent viscosity of crude and 26.2 per cent residuum blends. 


1 = length of test section, ft, 
p = density of fluid flowing, lb per 
cu ft, 
v = velocity of fluid flowing, fps, 
g, = acceleration of gravity = fps?, 
D = diameter of pipe = ft. 
2. Poiseulles law for viscous flow: 


64Ipv? 
f= 64/Nr P = ‘ 
/Nr 2g,DNn. 

Where: 


Nre = Reynolds Number, using values 
in the units expressed in the 
above table and viscosity in 
(Ib per sec) (ft). 

3. Turbulent flow: From equation 

(1), Fanning equation, the friction fac- 
tor was calculated from the test data. 
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TABLE 3. Apparent viscosity determinations—pilot pipe-line unit 
experimental data. 
Feed stock composition: Crude, December test sample, H.P.L. Co. 


Laboratory inspections: Gravity at 60 F=39.8° API 


Laboratory viscosity, SUS=43" at 90 F; 40.7" at 100 F; 37.0" at 130 F. 


























Net 
pressure Flow rate, Average Friction Reynolds Apparent 
Run number drop, gpm a, —. number, viecoalty. 
psi ; Re 

Doe i case csc d eC Ae Ace eemenienaenionta 78.4 a: 32.0 206 

ésnteonecate rate als Bist ae 103.9 2. 36.0 146 

avy: si citen sb ndesadore erika otis ae eee ite 87.0 2. 40.0 121 

Ey. dan oh acne sis eee ee ieee 93.8 2. 40.0 112 

A ee ne Ar 82.8 3.440 46.0 85 

Wcicincteualss sada ca cacn oe eae 67.0 2.550 46.5 90 

RE ea ee oR OS mente ee 56.5 2.870 55.0 73 

Beng wktwakacesaanea Siena saeaee 57.9 2.520 64.0 0.0410 3000 54 
Re ee te 17.6 1.438 64.0 54.5 
| RE ee eye ce ty tate 100.5 .60. 78.0 0.0353 5700 46.7 
0 GREE ESS SR CT Fe re RE 65.8 2.875 84.0 0.0364 5000 44.8 
in Gs ie iia Panga eeneineceteae 75.0 3.110 85.0 0.0354 5600 44.2 
RRR Ie gyre nen ereee. enn 56.6 2.665 92.0 0.0364 5000 43.5 
SERRE Te een ey ei gas eas eae 45.3 2.390 93.0 0.0364 5000 41.7 
Mica aac aichia ee eat Racine erateiee 57.8 2.765% 100.5 0.0347 6300 40.4 
IEEE OLE ETE Te Re Oe 49.8 2.550 100.5 0.0352 5800 40.4 
23 49.9 2.605 111.0 0.0339 7000 38.3 
RAR ene ree en 67.6 3.110 48.0 79.0 
BCE uibvateniee slic ca ned ance te 59.7 2.890 49.0 76.0 
MMe chit aoe noecaree 21.7 1.335 56.5 64.0 
Daa datas ipisesralaesr akc eaneratrceate ee 60.0 2.605 67.0 0.0398 3400 51.0 
RA PRS a Aer re 68.9 2.820 67.5 0.0392 3700 51.0 
RE ere ee one 67.6 2.905 82.0 0.0364 5100 44.6 
__ EPR remanence seme eer 59.9 2.700 82.0 0.0374 4500 45.5 





Runs*10, 13, 14, 22, and 26 were in critical region of Reynolds Number. 
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The Reynolds Number (Nx,) was ob- 
tained from the calibration plot of f— 
vs—®? (Np), and the absolute viscosity 
in centistokes was calculated from the 
Reynolds Number. The viscosity values 
in centistokes were converted to Say- 
bolt Universal Seconds by use of ASTM 
Conversion Tables for Kinematic and 
Saybolt Universal Viscosities. 


@ Suspension of wax. Wax crystals 
suspended in the oil are prevented from 
settling in the blend tank of the pilot 
unit by maintaining the flow rate of the 
oil that bypasses the test section of a 
maximum, thus insuring complete agi- 
tation of the oil reservoir. In commercial 
practice the trunk pipe lines are cleaned 
periodically with a mechanical scraper. 
The trunk line tests were run imme- 
diately following such a cleaning to in- 
sure each of the test’s being run under 
known, identical conditions of inner pipe 
surface. 


@ Apparent viscosity. It was found 
during this study that the apparent vis- 
cosity calculated from the flow data was 
not dependent upon the rate of fluid 
flow through the test section at any given 
temperature level. If the waxy oils had 
exhibited the usual heterogeneous fluid 
characteristics, i.e., variation of viscosity 
with shearing rate, a different apparent 
viscosity would have been obtained with 
each flow rate employed at any given 
temperature. It must be borne in mind 
that no attempt has been made in this 
study to calculate a true viscosity, but 
rather an apparent viscosity value that 
can be used with some assurance in hy- 
draulic calculations. It is not known 
whether the pilot unit could be used on 
fluids of known heterogeneous behavior 
and the pilot unit would have to be cali- 
brated for such a material to determine 
whether the apparent viscosity values 
were accurate. kk x 
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@ Introduction. A survey has been de- 
fined as a “critical inspection to obtain 
exact information.” The kind of survey 
we are here discussing, the corrosion sur- 
vey, is a critical inspection of a buried 
pipe line and the environment in which 
it is buried, or of an environment in which 
it is proposed to bury one, to obtain in- 
formation—but seldom exact informa- 
tion—concerning the various factors that 
may contribute, or which are contribut- 
ing, to the destruction of that pipe line 
by its environment; information from 
which we may predict what is happen- 
ing, or determine what steps may be 
taken to control what is happening. 


The problem of protecting a buried 
pipe line from soil corrosion is basically 
different from all other corrosion prob- 
lems that may confront the engineer. It 
differs from all the others not merely in 
degree, but fundamentally in kind. In 
the first place, the exposure is much more 
nearly total than in any other industry 
or activity. In a typical pipe-line system 
(an oil line, in this case) 64 per cent of 
the total investment in the system is in 
the line itself—64 per cent of the whole 
concern is exposed to destruction by soil 
corrosion. All other corrosion problems 

—atmospheric, water, lubricating oil, 
etc.—involve such relatively small areas 
of exposure that special treatments, spe- 
cial materials, expensive in unit costs, 
are economically justifiable. This type of 
solution, the selection of a “non-corro- 
sive” material, is not available to the 
pipe-line corrosion engineer at present, 
nor is there any immediate hope for such. 

Another basic difference is in the ex- 
treme complexity of the corroding agent. 
In any type of industrial process there 
is always the possibility of analyzing and 
understanding the particular agent re- 
sponsible for corrosion, and thus plan- 
ning a program for combating it. The 
only two environments that even ap- 
proach soil in complexity are the atmos- 
phere and water; both are actually much 
simpler and easier to cope with. 


@ Two solutions to the problem. There 
are, however, two theoretically perfect 
solutions to the problem of underground 
pipe corrosion. One is the application to 
the pipe of a protective coating. To com- 
pletely prevent corrosion, such a coating 
must be absolutely impervious to mois- 
ture, have sufficient mechanical strength 
to resist the forces it will encounter, and 
be applied in an absolutely continuous 
and unbroken sheet. Two qualities usual- 
ly prescribed for a coating are here omit- 
ted: That it be an electrical insulator, 
and that it bond firmly to the pipe. These 
qualities are only necessary when the 
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Corrosion surveys 


By M. E. PARKER, JR., Corrosion Engineer, Pan American Pipe Line Company 


others fall short of perfection. If abso- 
lutely no moisture can reach the pipe, 
then there is no need for an insulating 
coating. And if the coating is absolutely 
continuous and unbroken, then it is not 
necessary for it to be bonded or attached 
to the pipe. It is unnecessary to point out 
that no such coating has ever been pro- 
duced, nor does it seem likely that one 
will appear in the foreseeable future. 


A second theoretically possible per- 
fect solution to the problem is the 
maintenance, by suitable apparatus, of a 
sufficient protective potential relative to 
the adjacent soil. There are many rea- 
sons why this is not always feasible. 
There is the inevitable problem of in- 
duced corrosion on nearby structures, 
with all its attendant complications. In 
many areas of low resistivity soil, the en- 
ergy requirements for the maintenance 
of a protective voltage are prohibitively 
high; as high as 10 kw. per mile for a 
12-in. line, with an investment in ap- 
paratus of $3000 or more per mile. If 
galvanic anodes are used, an almost solid 
wall would be required under the most 
unfavorable conditions, and the costs 
would be similarly high. 


Actually, the vast majority of lines 
may be practically protected by an eco- 
nomic compromise between these two 
different methods. A coating is applied 
to the pipe, which is not entirely perfect, 
but is nearly so. It is a comparatively 
simple matter to coat pipe in such a way 
that less than 1 per cent of its total area 
is actually exposed to attack. When we 
have done this, the energy requirements 
for protection by potential become only 
one-one-hundredth of those for bare pipe. 
If the coating is much poorer than this, 
the protection costs rise rapidly; a coat- 
ing very much better than 99 per cent is 
likely to be expensive. Somewhere in this 
neighborhood it should be possible to 
find the point of economic balance, if all 


the relevant factors are properly weigh- 
ed. 


Many of these factors do not properly 
lie within the scope of the corrosion sur- 
vey itself; among these are the antici- 
pated useful life of the line, the possible 
salvage value of the pipe, the opportunity 
to save costs by using thinner pipe, etc. 
All these factors, and many others, will 
have to be considered in the problem of 
design, but are not properly the subject 
of the survey itself. 


The survey itself must supply the an- 
swers to certain questions, of which the 
following is an incomplete list: 


(1) What rate of corrosion may be 
reasonably expected if a line is 
laid in this location? 

(2) What kind and amount of protec- 
tion would be effective here? 
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(3) How rapidly is corrosion taking 
place on this line? 

(4) How much energy will be re 
quired to arrest corrosion on this 
line? 

(5) How effectively is our protection 
program working? 

(6) How rapidly is this coating de- 
teriorating? 

(7) Is our protection program ad- 
versely affecting some other struc. 
ture? If so, how much? How may 
this be corrected? 

In seeking useful answers to questions 
like these, we wish to determine a set of 
measurable quantities, and select the 
proper instruments with which to meas- 
ure them, at a reasonable rate of speed. 
and with a reasonable expenditure of 
time and money. It is useless to attempt 
to measure every pertinent factor. The 
soil is far too complex for that. We must 
find a set of factors that can be meas- 
ured rapidly and easily, and which to- 
gether will give us a sufficiently good pic. 
ture of the conditions. 


@ Major types of surveys. The various 
types of corrosion surveys may be classi- 
fied according to their principal func- 
tion; that is, the specific question whose 
answer is sought. This will of course de- 
pend to a large extent on when the sur- 
vey is made, in comparison with the life 
of the pipe line in question. 

First we may consider the preliminary 
or exploratory survey, made on the route 
of a proposed pipe line. It should be 
pointed out that rarely, if ever, is such a 
survey made the basis of determining 
the location of the line, although it may 
influence it slightly. Usually the location 
is determined by other considerations, 
and the route is already staked when the 
corrosion survey is made. What is to be 
determined is the kind and amount of 
protective coating to be applied at the 
time the line is laid, insofar as this is in- 
fluenced by the physical environment. 


The quantities to be measured here are 
the characteristics of the soil. Of all the 
various properties that might be deter- 
mined, by far the most important is the 
electrical resistivity of the soil. A com- 
plete chemical study of the various soils 
traversed is out of the question, because 
of the complexity and variety of soils 
found. In addition, it has been well dem- 
onstrated that there is a very high de- 
gree of correlation between soil resis- 
tivity and rate of corrosion; in other 
words, all or nearly all of the many fac- 
tors that combine to make a soil corro- 
sive, also combine to make it a good con- 
ductor of electricity. There can be con- 
siderable discussion as to which is cause 
and which is effect, but the important 
and useful fact is that low resistivity 
soils are nearly always corrosive, and 
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FIG. 1. Soil resistivity measurement 
Four electrode—direct current 
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p =2 a E/I where 
p = resistivity in ohm-centimeters 
a = electrode spacing in centimeters 
E = potential drop in millivolts 
I = current in milliamperes 


Direction of current must be reversed and readings averaged, to elimi- 
nate errors due to stray currents in soil and accidental electrode potentials. 








high resistivity soils are almost never 
corrosive. Still another reason for em- 
phasis on this particular characteristic 
is that it is very easily and rapidly meas- 
ured. 

Besides this specific measured quan- 
tity, data should be collected on general 
topography, drainage, and the like. 
Rocky terrain causes severe abrasion on 
coatings; heavy clays, subject to alter- 
nate wet and dry conditions, impose soil 
stresses tending to tear the coating off 
the pipe; alternate hills and valleys 
mean alternate wet and dry sections; 
pipe-line crossings mean possible inter- 
ference problems; electric railways mean 
possible stray current electrolysis. A 
wide variety of conditions that may af- 
fect corrosion should be located and 
noted in such a survey. 


Another frequent type of survey is 
that conducted on a line already laid, 
either old or new. The same values men- 
tioned above will be determined, and, in 
addition, others connected with the pipe 
itself. The information sought is that 
necessary for the determination of the 
kind and amount of protection the line 
will need, or for the prediction of its 
probable life without protection, or pos- 
sibly for a decision as to whether it 
should be replaced, reconditioned, sal- 
vaged, or abandoned. 


In addition to soil characteristics, there 
will be measurements of_pipe-to-soil po- 
tential at appropriate intervals, and of 
currents flowing in the line. Both of 
these measurements have as their ulti- 
mate purpose the location of anodic (cor- 
roding) sections, their length and se- 
verity. Still another measurement that 
will shed light on this particular ques- 
tion is the determination of the current 
flowing, through the soil in the imme- 
diate neighborhood of the pipe—or even 
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the actual value of the current leaving 
the pipe. But these measurements are 
time-consuming and complicated, and to 
make a really complete survey of the 
whole length of a line would be slow and 
expensive. Anything less than a complete 
survey would be useless (except for re- 
search purposes). 

If the line in question has been in serv- 
ice for several years, it will probably be 
necessary to make actual inspections of 
the pipe surface and the coating at se- 
lected intervals. These locations can best 
be determined after the completion of 
the electrical survey, so that it may serve 
as a check thereon. In order to make the 
check valuable, some sites should be ex- 
cavated where the electrical survey in- 
dicates active corrosion, and some where 


no activity is suspected. In this way a 


good idea may be had as to the accuracy 
of the survey methods in their reflection 
of true conditions. 

Sometimes, at this stage, it is desir- 
able to measure the effective electrical 
resistance of the coating—that is, the 
circuit between the pipe and the 
“ground.” Necessarily this includes sev- 
eral different resistances that are not 
easy to separate, but the differentiation 
between them is of more value to re- 
search than to a specific corrosion prob- 
lem. This measurement is of value in 
estimating the amount of current neces- 
sary to protect the line, proper spacing 
of current sources, and the like, and will 
prove especially valuable when the same 
quantities are measured later, in esti- 
mating the useful life of the coating. 


The third major type of survey is that 
conducted on a line that has been placed 
under protection. The purpose here is 
to determine the adequacy of the protec- 
tion, to predict its future course, to check 
the deterioration of the coating, and in 


general to supervise and maintain the 
program. The factors measured are the 
same as those last mentioned, together 
with the output data on the protective 
units employed. A proper study of suc- 
cessive surveys of this kind, particularly 
pipe-to-soil potentials, will disclose loca] 
coating failures as well as indicate gen- 
eral decay. Local repairs of limited ex- 
tent may prolong the useful life of a coat- 
ing at a very reasonable cost, when the 
locations are correctly chosen. 

For the specific purpose of determin- 
ing the condition of pipe coating, an in- 
strument is available that almost com- 
pletely isolates this factor from all the 
complicating and confusing influences 
usually encountered. This is done by im- 
posing between the pipe and ground a 
high frequency voltage. Even with a per- 
fect coating, current will flow, because 
of the condenser effect of the two con- 
ductors (pipe and ground) separated by 
the dielectric coating. This current flow 
will be much greater through any defect 
in the coating that allows moisture to 
contact the pipe directly. All current 
flowing from the pipe to ground must re- 
turn to the ground rod of the instrument, 
and in so doing sets up a potential field 
in the ground. In general, the voltage 
drop along the surface of the ground will 
be much greater where the current flow 
is concentrated, although this effect will 
be somewhat masked by variations in 
earth resistivity. It is this voltage drop 
along the surface of the ground that is 
detected and measured in the operation 
of the device. It gives excellent results 
on a good coating with a few defects, but 
not so good on a generally poor coating. 
It is most useful when successive surveys 
are run under similar conditions on the 
same section of pipe. 

Besides the three major types of sur- 
veys enumerated, there are a number of 
special surveys of more limited scope 
for specific purposes. Surveys may be 
run for determining suitable sites for 
anode beds, taking into account moisture, 
soil resistivity, accessibility, power sup- 
ply, and land availability. In the use of 
galvanic anodes, after the general dis- 
tribution has been determined, exact lo- 
cations must be determined by some sort 
of survey. In cooperation with other com- 
panies, studies must be made of the in- 
terference effects of protective systems 
on each other and on various foreign un- 
derground structures. 

Not exactly surveys, but certainly 
closely allied, are the various opportuni- 
ties that arise from time to time as sec- 
tions of the line are uncovered for new 
connections, highway construction, cross- 
ing lines, etc. At such times inspections 
and measurements can be made with lit- 
tle expenditure of effort, and no such op- 
portunity should be allowed to escape. 


@ The component elements of corro- 
sion surveys. It will be observed that 
many of the various types of surveys have 
certain elements in common. It may per- 
haps be useful to examine these various 
elements separately, without immediate 
consideration of the precise type of sur- 
vey in which they are to be used. These 
elements may be conveniently classified 
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FIG, 2. Survey form. Actual size 12% in. wide by 11% in. deep. 


into four general divisions: (1) Char- 
acteristics of the soil; (2) voltages or 
potentials; (3) currents, and (4) mis- 
cellaneous. The various instruments and 
auxiliaries will be discussed along with 
the measured quantities. 

As has been pointed out already, the 
most usefu] property of the soil for our 
present purposes, is its resistivity. In or- 
der for electrolytic corrosion to proceed 
(and there is a wery real possibility that 
all corrosion is electrolytic) there must 
be a medium to conduct the current, and, 
in general, the more readily the current 
can flow, the more rapidly the corrosion 
will proceed. Hence the extreme im- 
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portance of the conductivity, or its recip- 
rocal, the resistivity, of the soil. This 
quantity, the resistivity, is defined as the 
resistance in ohms of a one centimeter 
cube of the material, measured between 
parallel faces. It is not correct to refer 
to this as “ohms per cubic centimeter.” 
for this would imply that the total resist- 
ance is proportional to the volume of 
material. Less misleading, but still not 
technically correct, is the term “ohms 
per centimeter cube.” The correct dimen- 
sional unit is “ohm-centimeters.” All 
three will be found in the literature, and 
all three actually refer to the same unit. 

This value may be measured by plac- 





ing a quantity of the material in a box 
with parallel conducting faces, the other 
four sides being of insulating material. 
If the sides are one centimeter in length. 
the resistance between the conducting 
faces gives the resistivity directly, while 
for other dimensions the correction is 
easily made. This method is open to sev- 
eral objections. In the first place, it is 
dificult to be sure that just the resistance 
due to the material under study is being 
measured. Second, if direct current is 
used, polarization will affect the results 
by introducing additional film resistance. 
Finally, the trouble of collecting sam- 
ples, the difficulty of maintaining mois- 
ture content at the correct value, and 
general clumsiness of the method make 
it unsuitable for field work. 


A method that enables us to measure 
the resistivity of the soil in the field, 
without disturbing it at all, is much more 
satisfactory for our purposes. In addition 
to simplifying the work, it makes it un- 
necessary to collect samples of every 
kind of soil, carefully map their extent 
and location, and then try to piece the 
whole picture together. What we really 
need is an average value of the resistivity 
over a certain range. Four methods are 
available; we may use either direct or 
alternating current, and with each we 
may use either two terminals or four 
terminals. All four of these combinations 
are in actual use in corrosion survey 
work, with several variations of some of 
them. 

The simplest combination is the use 
of direct current with two terminals. The 
principle involved is that of measuring 
the current that will flow through the 
soil when a fixed voltage is applied to it 
through two terminals a short distance 
apart. The voltage is supplied by a small 
battery, and the current is measured by 
a milliammeter, calibrated to read di- 
rectly in ohm-centimeters. As we are not 
dealing with a small quantity of material 
confined in a rectangular box, but rather 
with a semi-infinite conductor, it is not 
surprising to find that the laws of cal- 
culating total resistance are somewhat 
different from those applying to small 
objects of finite dimensions, such as bars 
and wires. It works out that the current 
passing from one electrode to the other 
is almost completely independent of the 
distance between them, under certain 
conditions. These conditions are: (1) 
That the distance between the electrodes 
be large compared to the size of the elec- 
trodes themselves {10 to 20 diameters is 
ample), and (2) that the soil in the im- 
mediate vicinity be of fairly uniform re- 
sistivity. If the latter condition is not re- 
alized, no great damage is done, for the 
reading will then represent a kind of 
average of the resistivity. In order to 
prevent the blocking effect of direct cur- 
rent by polarization referred to above, it 
is customary to make one of the elec- 
trodes (the cathode) of considerably 
larger area than the other. The Shepard 
Earth Resistivity Meter, operating on 
this principle, consists of a pair of canes, 
in one of which is mounted the meter and 
two flashlight cells for a battery, to- 
gether with accessory connections for 
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This Natural Gas Measuring Station 
was fabricated in our Houston plant 
for a large Gas Pipe Line company in 
collaboration with the company's 
own engineering department, and 
installed in the Texas Gulf Coast. The 
materials used in its fabrication are 
stocked in our Houston warehouse. 
Included in this Meter Station are 
Seamless Pipe, Tube-Turn Welding 
Fittings, Forged Steel Flanges, Forged 


Your inquiry 
is invited 
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Steel Orifice Flange Unions, Peerless 





Separator for mist extraction of in- 
trained liquids, and Ashton Pressure 
Gauges and Relief Valves. 


This installation is an example of 
the many special units we have fab- 
ricated for the Gas, Oil and Chemical 
industries. We will welcome the op- 
portunity to assist you in your next 
engineering and fabrication problem. 








changing the range and for testing the 
battery. In use the two canes are thrust 
into the ground about 18 in. apart, the 
key depressed, and the resistivity read 
on the meter. The value read corresponds 
to the average resistivity of the earth be- 
tween the electrodes. If it is desired to 
read the resistivity at pipe depth, two 
holes must be made to that depth (not 
too close to the pipe) and the canes in- 
serted for the reading. This instrument, 
although not the most precise for the 
purpose, is by far the most rapid and 
convenient. 

For more precise readings, and for the 
determination of the resistivity at greater 
depths, four electrodes must be used. 
The usual arrangement is to place the 
four in a straight line, equally spaced, as 
shown in Fig. 1. Current is introduced 
through the two outer electrodes, which 
may be of any conducting material— 
stainless steel is quite convenient for the 
purpose. The two inner electrodes are 
copper sulphate half-cells, in order to 
avoid polarization errors. The potential 
drop across the two inner electrodes is 
read with a potentiometer or a vacuum 
tube voltmeter. The resistivity is then 
given by the expression: p = 27a"/, 

Where: p = resistivity in ohm-cm.; 
a = distance between electrodes in cm.; 
E = potential in millivolts, and I = cur- 
rent in milliamperes. 

If there is any current flow through the 
soil due to causes other than the appa- 
ratus used, errors will be introduced in 
the readings. These can be cancelled out 


by reversing the direction of the current 
(and necessarily also the potentiometer 
connections) at each location, and using 
average values for E and I. The resistiv- 
ity measured is a rough average down to 
the depth “a.’”’ It is obvious that this 
method is much slower than the use of 
the Shepard cane, and requires the trans- 
portation of more apparatus. 

A still more precise, and at the same 
time more rapid, method, is the use of 
alternating current with a four-electrode 
system as just described. The four elec- 
trode Earth Resistivity “Megger” op- 
erates on this principle. In operation, 
four electrodes (all metallic, for there 
is no polarization effect) are placed 
along a straight line, as in the preced- 
ing system. The two current terminals 
of the instrument are connected to the 
outer pair, and the two potential termi- 
nals to the inner. The crank of the in- 
strument is then turned, and a value “C” 
read on the scale. The resistivity is then 
given by the expression: 

p=27aC 

Where C = the scale reading, in ohms, 
and the other quantities are the same as 
in the direct current four-electrode meth- 
od. Turning the crank of the instrument 
generates direct current, which is passed 
through the current coil of the meter, 
and then converted into alternating cur- 
rent by means of a commutator mounted 
on the same shaft. This current is passed 
through the soil, and the resultant alter- 
nating potential drop picked up by the 
inner pair of electrodes. This is then fed 


through another commutator mounted on 
the same shaft, thereby being converted 
into direct potential, which is then fed 
to the potential coil of the meter. The 
combined action of the two coils causes 
the needle to come to rest at a point cor- 
responding to the ratio E/I, so that ac- 
tually this method is equivalent to the 
preceding one, except that reversal to 
avoid the effect of stray currents is un- 
necessary, and the effects of polariza- 
tion are avoided. Although this system 
is faster and less subject to error than 
the preceding, it requires a special piece 
of equipment not used in other phases o/ 
the survey, while the direct current meth- 
od makes use of instruments needed for 
other work. 

A fourth variation is the use of an in- 
strument similar to the Shepard Cane, 
in that only two electrodes are employed, 
but using alternating current instead of 
direct. There seems to be very little ad- 
vantage to be gained, except in very low 
resistivity soils, where polarization may 
be severe enough to affect readings. 

Some effort has been made to measure 
soil resistivity by means of radio fre- 
quency absorption, but as yet no instru- 
ment light and compact enough for prac- 
tical field use has emerged from these 
efforts so far as the writer knows. 

It would seem that chemical analysis 
of the soil would be useful information 
to obtain in a corrosion survey. Here, 
however, is an exemplification of the 
basic difference between this problem 
and other corrosion problems. In almost 
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ARMSTRONG BROS. Pipe Tools are built to stand up under the most rugged 
service—all have extra strength and many design improvements. 


ARMSTRONG BROS. Chain Tongs, for example, have drop forged, heat 
treated jaws with milled teeth. Have forged-in lugs that increase bearing of 
jaws on bar and also serve as chain guides—prevent kinking. Bolt is large 
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any other instance of corrosion, an an- 
alysis of the corroding medium would 
be made as a matter of course. In the 
case of soil corrosion, however, such an 
analysis is out of the question, for lit- 
erally hundreds of samples would be re- 
quired per mile of line in many cases. 
Even if this tremendous laboratory job 
were executed, the interpretation and 
correlation of the results would be an 
impossibly complex task. Rarely does a 
peculiar condition arise that justifies a 
chemical analysis of the environment of 
some short section of a line. 

There is somewhat higher justification 
for a study of the hydrogen ion concen- 
tration, usually expressed as pH, of the 
soils along a line. The correlation be- 
tween pH and corrosivity does not seem 
to be as high as that between resistivity 
and corrosivity, however, and pending 
the development of more rapid and sim- 
ple means of pH determination, it is not 
likely that the measurement of this fac- 
tor will form an important part of many 
corrosion surveys. 

Information must be collected con- 
cerning the physical characteristics of 
the soils, as has been mentioned. This 
data usually appears as notes and com- 
ments cencerning rocky sections, heavy 
clays, sand, etc., rather than as any set 
of actual measurements. Sometimes it is 
not collected with the corrosion survey 
proper, but is added thereto at a later 
date from another source. 

A very important quantity to be de- 
termined is that of voltage or potential. 
We have already seen how it is involved 


in one method of determination of soil 
resistivity. In addition, probably the 
most useful single function of corrosive 
activity on an existing line is the pipe-to- 
soil potential. This is usually determined 
by measuring with a suitable instrument 
the voltage existing between the metal 
of the pipe itself and a copper sulphate 
electrode placed in contact with the soil 
nearby. Just where this electrode should 
be placed is the subject of a great deal 
of discussion. If it is placed very close to 
the pipe—almost in contact—we get a 
more nearly true voltage, but in order 
to place it there we must remove the soil 
and so tear up the structure we are trying 
to investigate. We also run the risk of 
missing something happening perhaps a 
foot or two away. If we place the elec- 
trode immediately over the pipe, at the 
surface of the ground, we are in error 
by an unknown amount due to the volt- 
age drop through the soil to the surface 
of the pipe. Besides this, we get a sort 
of average potential relative to all the 
pipe in the immediate neighborhood. 
But, since we cannot take readings all 
over the pipe, and since it is so much 
easier and quicker to set our electrode 
at the surface, this is the practice gener- 
ally followed. 

In measuring voltages of this kind, it 
is necessary to use a potentiometer or a 
vacuum tube voltmeter, in either of 
which instruments the potential being 
measured is balanced against an equal 
voltage from the instrument, so that at 
the time the reading is taken, no current 
is flowing in the external circuit. This is 


most important, for the resistance of the 
external circuit is a highly variable 
quantity, and to attempt to correct read- 
ings for the losses therein would be hope- 
less. Nor are these errors small by any 
means. An instance was encountered 
where two points on a pipe less than 200 
ft. apart both showed pipe-to-soil poten- 
tials of 650 millivolts with the poten- 
tiometer. One of these points read 440 
millivolts with a voltmeter (clay), 
whereas at the other one the needle bare- 
ly moved off of zero (sand). 

It is also necessary to be able to meas- 
ure the potential difference between two 
points on the surface of the earth. For 
this two copper sulphate electrodes are 
used, and the problem differs from the 
preceding one only in the size of the 
voltage measured. Such potential differ- 
ences will range from 1 or 2 millivolts 
up to 50 or 100. If there are currents 
present due to electrical equipment, the 
range will be still higher. Occasionally 
natural differences are found as high as 
400 millivolts in a distance of 100 ft., due 
to no other cause than a corroding pipe 
line, but such magnitudes are rare. 

Whenever there are two separate un- 
derground structures, it may be useful 
to measure the potential between them. 
They may be two pipe lines, or two sec- 
tions of a line separated by an insulated 
joint, or a pipe line and some other struc- 
ture. The resistance of the external cir- 
cuit, except in the case of extremely well 
coated lines, will be much lower in this 
case than in either of the two preceding. 
The needle of the galvanometer will be 
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much more sensitive, and it may even be 
necessary to substitute a galvanometer 
system having a lower resistance. 

A most important quantity to be ob- 
served is the value of the current flowing 
along the pipe line. By measuring this 
at intervals, it is possible to locate points 
of current gain (cathodes) and current 
loss (corroding anodes). As it is impos- 
sible to open the circuit and insert an 
ammeter, it is necessary to determine 
this quantity by indirect means. This is 
done by measuring with the potentiom- 
eter the voltage drop in a known length 
of pipe (100 ft. is a convenient value) 
and computing the current from the re- 
sistance of the pipe. The determination 
of this very low voltage with precision 
places the severest demands on the in- 
strument. The value may be only a few 
tenths of a millivolt, and the external 
circuit resistance is quite low, so the 
needle is very sensitive. It is still neces- 
sary, however, to use a potentiometer 
rather than a voltmeter, for the leads and 
pipe contacts together have a fairly large 
and usually quite unknown resistance. 

The writer encountered a peculiar sit- 
uation a few months ago when engaged 
in this type of survey. A section of 12-in. 
line paralleled a number of 66,000-volt 
and 12,000-volt circuits, not far from a 
large power plant. Undoubtedly a con- 
siderable part of the return current from 
these lines was flowing along the pipe 
line. There was known to be an insulat- 
ing joint in the line, but the records of its 
location were incorrect, and its position 
was unknown. In order to locate it, cur- 
rent readings were taken on successive 
100-ft. sections of the pipe, the theory 
being that either there would be an ap- 
preciable voltage across the joint, or at 
least the resistance would be so much 
greater than the plain pipe that the be- 
havior of the galvanometer needle would 
disclose the presence of the joint. The 
third attempt did, in fact, span the joint, 
but the behavior of the needle was not 
exactly what had been expected. There 
was, it appeared, an alternating (60 
cycle) voltage across the joint; in fact, 
the two flanges and their insulating gas- 
ket, acting as a condenser, were probably 
carrying some alternating current. This 
alternating current, passing through the 
galvanometer, made the needle vibrate 
so that it became a hazy blur, about four 
times its true width. As there was some 
question as to what this might do to the 
instrument, the circuit was closed only 
long enough to obtain a rough balance, 
indicating in addition to the a. c., a d. c. 
component of about 35 millivolts. The 
contacts were then moved closer to- 
gether, until the exact location of the 
joint was determined, and it was then ex- 
cavated for inspection, according to the 
original intention. 

Not all the currents encountered in 
corrosion work can be measured with a 
potentiometer. We have already men- 
tioned the use of a millammeter in the 
four-electrode determination of soil re- 
sistivity. There are also the protective 
currents involved in any scheme of ca- 
thodic protection, either with rectifiers 
and generators, or with galvanic anodes. 
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As these currents flow through wires and 
cables, it is possible to make provision at 
the time of installation for their measure- 
ment with conventional ammeters of the 
proper range. 

One other current measurement is of 
interest, and that is the current flowing 
through the soil itself. This measure- 
ment is subject to a variety of complicat- 
ing factors, largely due to the irregular 
distribution of earth current because of 
the variable resistance of different paths 
through different strata, and is thus a 
difficult quantity to determine. Much ex- 
perimental work has been done on this 
problem, but it cannot be said that there 
is available a method that is sufficiently 
rapid and simple to enable the survey to 
be made with an adequate degree of com- 
pleteness. 

The copper sulphate electrode has 
been mentioned in its several uses. It 
should always be used where a potential 
reading is to be taken relative to the 
earth, simply because any type of contact 
with the earth introduces some kind of 
voltage error at the surface of contact, 
and both theoretical and experimental 
considerations indicate that this particu- 
lar contact is less variable, less subject to 
error, than any other simple, easily re- 
produced contact. The principle is this: 
From the instrument circuit a conductor 
is run, which may be of any conducting 
material, but is usually a copper wire. 
This conductor makes a dry connection 
with the terminal, and from that point 
the metal must be copper. Some area of 
copper is in contact with a saturated 
solution of copper sulphate, and this solu- 
tion itself is in contact with the ground. 
The area of contact between the copper 
and the solution must be large enough to 
insure that the largest current passing 
will be below the polarization level. The 
area of solution in contact with the 
ground is important only in that it affects 
the total circuit resistance. It should be 


- noted that the current at the time of read- 


ing is zero, but that in the process of 
balancing the potentiometer some cur- 
rent flows, and it is this current—the 
value corresponding to maximum unbal- 
ance—that determines the necessary 
area of copper to copper sulphate solu- 
tion contact. The usual form of electrode 
is a tube of insulating material enclosing 
a copper tube filled with solution. This 
is closed at the top by a copper plug in- 
cluding a binding post, and at the bottom 
by a wooden plug that allows the contact 
between solution and soil. In dry weather 
it is frequently necessary to pour a little 
water in the hole in order to increase the 
conductivity in the immediate neighbor- 
hood of the electrode. It is possible to 
take a reading on top of a solid dry pave- 
ment by first placing thereon a shovelful 
of mud, and inserting the electrode in 
the mud. 

In order to take soil-to-soil potentials 
along the line, and to take the potential 
drops for determining line current, at 
least one long lead is required. It is con- 
venient to combine this with the neces- 
sary means for measuring distances. The 
writer uses a lead 120 ft. long, with two 
brass rings on the wire 100 ft. apart, and 





smaller rings at every 10 [t. Measuring 
thus from points not at the end of the 
wire gives 10 ft. of leeway to find a good 
place to set the instrument, and also 
makes it possible to repair or replace 
the terminals without affecting the length 
of the marked portion. These terminals 
take terrific punishment, being dragged 
along the ground, and having to be put 
on and taken off 200 to 300 times a day. 
Ordinary copper terminals will hammer 
out of shape in a few weeks, but mone! 
metal or stainless steel has been found 
to be very satisfactory. 

Reference has already been made sev- 
eral times to establishing electrical con- 
tact with the pipe, but so far no means 
has been described for doing this. There 
are three methods in common use. One 
is the use of a clamp that encircles the 
pipe and carries a binding post for wire 
connection and a pointed contact screw, 
capable of piercing coating, scale, and 
rust, for contacting the metal of the pipe. 
The use of such a clamp requires ex- 
cavating a hole below the bottom of the 
pipe and large enough to work in while ° 
installing the clamp. Another method 
makes use of a contact bar with a bind- 
ing post at the top, and a stellite tip on 
the bottom. Some forms carry a remov- 
able point, such as a quarter-inch drill, 
instead of the stellite tip. Successful use 
of this bar requires a certain amount of 
skill and some precautions. A hole is 
punched with a steel bar, larger in diam- 
eter than the contact bar, down to the 
pipe. It is important that this hole be 
centered accurately, for it is almost im- 
possible to make good contact off center. 
The contact bar is then held firmly in 
both hands, and the pipe stabbed with 
it. When it hits the pipe, the hands should 
be permitted to slide a little along the 
bar, and a firm uniform pressure then 
maintained. At least three different con- 
tacts and readings should be made at 
each location to be sure of getting the 
correct value. The tiniest piece of rust, a 
single grain of sand, or almost anything 
can either insulate the contact, or what 
is worse, introduce a false voltage of its 
own to vitiate the readings. A third and 
more satisfactory type of contact can 
be made by attaching a wire directly to 
the pipe, by welding, brazing, or solder- 
ing. This requires less excavation than 
the use of clamps, but more than the 
contact bars. It is possible to patch the 
damaged coating, however, which is not 
the case when contact bars are used. If 
soldering is the means used, it is not 
necessary to carry any heavy equipment 
along, and the survey party, or two men 
working ahead, can easily attend to it. 
If the wires are installed near roads and 
fences, the free end of the wire can be 
taped and attached to a fence post, just 
below the ground, where it will not be 
noticed by passers-by, but can readily be 
found for later investigation. 

@ Records, notes, and reports. In order 
to make effective use of the survey data, 
the readings of various kinds must be lo- 
cated accurately along the line. This lo- 
cation must be the same as that used in 
reporting leaks and repair work, and it 
must be of such nature that it can be re- 
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Compact Power! 
. « « A Worthington 
Supercharged Diese! 
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In a tropical climate, furnishing 
electricity for motor-driven refrigera- 
tion compressors is one of the tough- 
est engine-jobs going — calling for 
completely dependable, uninterrupted 
output. That’s why the following 
record of a Typical Worthington 
Diesel installation for a big Central- 
American refrigeration plant is of vital 
interest to every power user. At the 
end of 34 months of continuous opera- 
tion, three Worthington SDD-6 
Diesels (500 kw. supercharged) pro- 
duced these results: 
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Total Annual maintenance 
cost per engine H.P. . . 33.8 cents 
Here's 10% to 15% more kilowatt 
hours per gallon of fuel oil, with min- 
imum upkeep and replacement costs! 
Then there’s 25% lower lubricating 
oil consumption ... big reductions 
in building space, foundation mate- 
rials and installation labor . . . add- 
ing up to tops in Diesel efficiency, 
with savings all along the line! 
Today, Worthington installations 
of like capacity supply entire com- 
munities with electricity, while all 
over the world Worthington Diesels 
meet industry's needs for continuous, 
trouble-free, economical power. 
Write for details ...and further 
proof that there's more worth in Worth- 
ington. Worthington Pump and Machin- 
ery Corporation, Engine Division, 


Buffalo, N. Y. 


GTON 
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produced at any time, so that future sur- 
veys will correlate. For this reason it is 
not sufficient to start at a known point 
and simply measure successive distances 
along the line. The accumulated errors 
would be too great, and there would not 
be any good way of going back to a spe- 
cific location. Consequently, a good 
alignment map of the line must be had, 
or at the very least, a set of survey notes. 
Usually the stations used in a corrosion 
survey will be those established by the 
inventory survey, made shortly after a 
new line is constructed, rather than the 
stations used for construction itself. If 
the long lead as described above is used, 
errors will accumulate and must be cor- 
rected from time to time. Usually, if care 
is taken to make corrections at every 
identifiable fence, road, or other marked 
point, the error will be quite small and 
of no particular consequence. The prob- 
lem is simple if there is a telephone line 
along the right-of-way, as is frequently 
the case, for the poles are usually nam- 
bered conspicuously, and are used by 
linewalkers, connection foremen, and 
others in giving location. 

Foremen in charge of leak repairs 
must be instructed to give locations ac- 
curately; if no mile post or marked pole 
is near enough, then the distance should 
be measured to a fence, and enough de- 
scription added to insure the correct 
identification of the fence. Too often the 
location of a leak is given as “half mile 
south of gravel road,” or some equally 
vague description. If this were “thirteen 
feet north of a fence half a mile south 
of the gravel road from A to B,” then 
there would be no difficulty in fixing its 
precise position. 

It is also necessary to gather informa- 
tion, to be incorporated in the graphic 
account of the survey, from sources other 
than the field. Included in this category 
is such information as the dates of con- 
struction, type and weight of pipe laid, 
whether new or second-hand when laid, 
kind and amount of coating applied orig- 
inally, and even the kind of weather pre- 
vailing at the time of construction. 

If the line in question occupies the 
same right-of-way with another line, it is 
also quite useful to obtain, as far as pos- 
sible, the experience of the other oper- 
ator, making use of the principle that 
there is no better evidence of the corro- 
sive nature of a soil than a piece of cor- 
roded pipe. Even if there is no imme- 
diately adjacent line, it will frequently 
be possible to obtain some information 
on the general behavior of buried steel 
and iron in the localities in question. 

lf any reconditioning, relaying, or re- 
pairing of line is necessary, the depth to 
which pitting has taken place by all 
means should be obtained. It will not be 
practicable, of course, to measure and 
record every pit and its location, so some 
definite procedure must be followed to 
get a reliable record. For locations show- 
ing severe local action, the pipe may be 
marked off in sections of perhaps 10 ft. 
in length, and the average of the three 
deepest pits taken—or perhaps the depth 
of the one deepest pit, with some descrip- 
tive data on the general extent of pitting. 
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For a general survey along a whole sec- 
tion of line, the recording of the deepest 
pit in each 100-ft. section, with notes as 
to general severity, should prove suffi- 
cient. Data of this nature must be evalu- 
ated in connection with the length of 
time the exposure has existed, and the 
kind and amount of coating applied. 

There should also be recorded as com- 
plete a record of corrosion leaks as it is 
possible to obtain. The importance of ob- 
taining accurate locations for these leaks 
cannot be over-emphasized. Naturally, 
there will be many cases in which the 
records of older lines will be very incom- 
plete, both as to the locations and even 
the number of leaks, but a serious effort 
should be made to get as much of this 
information as possible, even though 
much of it must be obtained by talking 
to old-timers who worked on the lines. 

Summarizing briefly, the data that is to 
be plotted on the survey charts will in- 
clude all or part of the following: (1) 
Pipe-to-soil potentials; (2) -line cur- 
rents; (3) soil resistivity; (4) record 
of pit-depths (on lines that have been in- 
spected) ; (5) record of leaks; (6) rec- 
ords of repairs and maintenance; (7) an 
alignment map for correlating locations; 
(8) a profile of the line, and (9) cross- 
ing and paralleling pipelines and other 
relevant structures. 

Normal pipe-to-soil potential, as meas- 
ured to a copper sulphate electrode, is 
somewhere in the neighborhood of 550 
millivolts, the soil being positive with re- 
spect to the pipe. When there are no volt- 
ages present except those generated by 
interaction between the pipe and the soil, 
this value will vaty perhaps 200 milli- 
volts either way. Consequently, if we are 
not going to apply any type of cathodic 
protection, and if we were not going to 
encounter any stray current interference, 
we would need a scale for our chart run- 
ning from, say 300 millivolts to 800. Ac- 
tually we shall need one from about zero 
to perhaps 3000 (3 volts). The direction 
in which this scale is drawn, unfortunate- 
ly, has not been standardized. Some plot 
the potential down from zero, some up. 
As the potential variation along the pipe 
itself is comparatively small, and thus 
most of the variation is in the soil, it 
seems that we should refer to soil-to-pipe 
potential, rather than pipe-to-soil, and 
plot it as a positive (upward) potential. 
Actually, this is a trivial matter, and 
never leads to more than momentary con- 
fusion when inspecting the records of 
some other corrosion engineer. 

The vertical scale, then, must include 
3000 millivolts. It will be found that, for 
any reasonable size of chart, this scale is 
too compressed to show significant po- 
tential differences on unprotected pipe. 
Consequently, it will usually be desirable 
to use a different scale when considering 
unprotected pipe and that under cathodic 
protection. A very important considera- 
tion is the proper relation between the 
vertical scale (potential) and the hori- 
zontal scale (distance). If the vertical 
scale is too compressed, significant peaks 
will fail to show up. If it is too extended, 
the plot as a whole will be so irregular 
that it will be difficult to select the really 


important variations. There seems to be 
room for some research and development 
work on this important matter. 

The value of the-line currents found 
will have to be plotted also; and can. us- 
ually be superimposed on the same 
graph without confusion, and with a 
definite saving in time and space. These 
values will be measured about every 1000 
ft., and will of course have magnitude 
and direction. This means that we will 
need a center zero scale, or must adopt 
a device to achieve the same result. The 
really important thing about line cur- 
rents is not the magnitude of the current 
at any one point, but the magnitude of 
the change in value between successive 
points, for this indicates either current 
gain or current loss. If it is current gain, 
then there is no damage being done (ex- 
cept the collection of current that must 
be dissipated somewhere). If, on the 
other hand, it is current loss, then there 
is active corrosion, and that is exactly 
what we are looking for. 

One way to emphasize this important 
feature is as follows. At each point where 
current was measured, plot the value of 
current read. If the direction of current 
at two successive points is the same, con- 
nect these points by a straight line carry- 
ing an arrow pointing in the direction of 
current flow. An arrow pointing down a 
line will then indicate current loss, and 
the slope of the line will be an indication 
of the rate of loss averaged over the sec- 
tion. If the flow at two points is in op- 
posite directions, then instead of a line 
connecting the two, a pair of lines having 
equal slopes should be drawn, intersect- 
ing on the base or zero line, and arrows 
shown as before. Again an arrow point- 
ing down indicates current loss, and the 
slope indicates the rate. 

The plotting of soil resistivity offers 
its share of problems. In the first place, 
we would probably be better off if we 
considered .its reciprocal, conductivity. 
For a difference in resistivity between 
two soils reading 10,000 ohm-cm. and 
9,000 ohm-cm., for example, is not very 
important, while the difference between 
1,000 ohm-cm. and 200 ohm-cm. is quite 
important. If we expressed these as con- 
ductivity, we should have in the first case 
100 and 111 micromhos per cm., and in 
the second, 1000 and 5000 micromhos 
per cm. Even where the conventional re- 
sistivity units are employed, it is very 
common practice to invert the scale, so 
that the peaks will be the danger points, 
rather than the valleys. It is also nece- 
sary to use a variable scale—sometimes 
logarithmic, and sometimes a modifica- 
tion of logarithmic, so as to emphasize 
the differences between the lower resis- 
tivities to somewhere their true impor- 
tance. 

A chart may also be incorporated to 
show the depths of corrosion pits, as de- 
scribed above. By using a different sym- 
bol, this may be shown on the same scale 
as the line currents and pipe-to-soil po- 
tentials. Ordinarily, this record will only 
be available on such sections of the line 
as have been reconditioned. 

The leak and maintenance records may 
be kept on the same charts, with location 
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DRESSERS ba 
oil tank connections andypi 
in the field! a 





Oil tanks and pipe lines seldom “‘stay put”. They are constantly. 
shifting and moving in an unpredictable manner. Consequently, 
it is of great importance that the joints be able to absorb the 
continual stress and strain to which a pipe line is subjected. 

Dresser Couplings and Long Sleeves accommodate these 
movements because they “give and take” up to %% of an inch 
longitudinally and allow an average of 4° deflection, or more, 
depending upon pipe diameter. They also absorb stresses from 
settling foundations, expansion and contraction, and earth 
movements. 

Besides protection, Dressers offer exclusive advantages in 
fast assembly—only a wrench is used. No skill is required— 
anyone can assemble. 

Style 38 and Style 40 are illustrated at the right. Write for 
complete information. 

Dresser Manufacturing Division, Bradford, Pa. In Canada: 
Dresser Manufacturing Company, Ltd., 60 Front Street, West. 
Toronto, Ontario. In Texas: Office and Warehouse, 1121 Rothwell 
Street, Sec. 16, Houston, Texas. 









TEMPERATURE VARIATIONS 
MISALIGNMENT 


Fenn 


Style 38 (top), the standard Dresser Cou- 
pling, used on pipe lines—or for tank con- 
nections where pipe ends come fairly close 
together. 

Style 40 (bottom), for closures or where 
more than normal distance exists between 
pipe ends. 


DRESSER COUPLINGS 


ONE OF THE DRESSER INDUSTRIES 
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shown by their position and time of vc- 
currence either by vertical position or by 
notes. The type of repair made may be 
indicated by suitable symbols. 

The alignment map and profile should 
appear at the same horizontal scale so 
that the location of everything may be 
seen at a glance. On the alignment map 
there will appear all the information 
about crossing and paralleling pipe lines, 
electric transmission lines, railroads, and 
other pertinent data. 

All this data may be recorded on a 
plat whose vertical dimension is 111% in. 
as shown in Fig. 2. The various scales, 
reading from top to bottom, with their 
vertical dimensions, are as follows: 

(1) Station numbers—% ins 

(2) Record, leaks and maintenance 

(20 years) —2 in. 

(3) Recommendations and corro- 

sivity estimate—!, in. 

(4) Soil resistivity 10,000 to 100 

ohm-cm.—1}% in. 

(5) Pipe-to-soil potential, line cur- 

rent, and pit depths—31% in. 

(6) Alignment map—1}% in. 

(7) Notes on topsoil and subsoil— 

1% in, 

(8) Profile—11, in. 

The horizontal scale used with this 
particular combination is 1000 ft. to 1 in. 
It is doubtful whether this scale could 
be changed very much without some 
trouble at one or more points, necessitat- 
ing changes in the vertical scales. 

A chart using the above scales (or any 
other combination) may be made either 


in the form of a continuous strip map, 
covering several miles of line, or in sep- 
arate sheets. The former is most econom- 
ical, both of time and paper, but the 
latter is more convenient for most uses 
It is easier to post new information on. 
and much easier to handle, but it is a 
little difficult to get a general view of con- 
ditions along a whole line section at a 
glance. 

There are several types of special 
charts the corrosion engineer needs from 
time to time. One of these is the resistiv- 
ity plat of a limited area, to aid in the 
location of a suitable site for an anode 
bed. This is drawn in a manner analo- 
gous to the construction of a contour 
map. Readings are taken of the soil re- 
sistivity at a certain depth (usually 8 ft.) 
at suitably distributed points—100-ft. in- 
tervals in both directions will usually 
suffice. Then a series of lines are drawn 
connecting points of equal resistivity, ob- 
taining values between the actual read- 
ings by interpolation. It is usually a good 
plan to make the first rough draft of 
such a plat in the field, so that additional 
readings may be obtained at closer in- 
tervals where the picture is confused. 
From such a plat it is possible to select 
the best locations for the anodes, or to 
determine a trend leading to a nearby 
more suitable site. 

A cumulative record of corrosion leaks 
on a given section of line is useful in 
making predictions as to the expected 
number of leaks: in future years if the 


conditions are not changed; that is, if 








SZ 
NY 


there is nu reconditioning or installation 
of protective devices. The mathematical 
laws of probability tell us that, for a very 
large exposure (one in which the total 
number of events, i.e. leaks, would be 
large) such a graph, if plotted on log. 
arithmic paper, should be a straight 
line. This would require the use of a log- 
arithmic time scale, and there is not any 
very good way of deciding the starting 
point. For this and various other reasons. 
chiefly convenience, it is just as well to 
use semi-logarithmic paper, with a uni- 
form time scale and a logarithmic scale 
for the number of leaks. Such a graph 
is not really valid insofar as prediction, 
are concerned, until the number of leaks 
has reached something like 40 or 50; by 
that time something would certainly have 
heen done about the condition. However. 
some idea of the trend can be had on 
numbers as small as eight or ten, but 
everyone using or seeing the graph 
should be cautioned not to place too 
much reliance on it. 

@ Procedure for a typical survey. Per- 
haps a brief description of the actual pro- 
cedure followed in making a specific sur- 
vey may be useful. Let us consider a sur- 
vey made along a single pipe line, several! 
years old, not under cathodic protection, 
and not previously surveyed. We are 
going to collect data on pipe-to-soil po- 
tential, line currents, and soil resistivity 
(at the surface). Our first step will be to 
obtain alignment maps showing the sta- 
tioning as established by the inventory 
survey. These maps should be compared 
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..» take “RING FLATNESS” 


By “ring flatness" is meant the ability of the ring to provide 
a gas-tight seal between it and the piston groove land. If 
the ring is not perfectly flat and free from waves and high 
spots the seal cannot be established, with the result that 
working pressures escape —ring fracture may occur — and 
engine efficiency drops off. 


The process of ring manufacture is an important factor in 
obtaining the desired flatness. Cook Rings, being cut from 
normalized pot castings, reach the grinder as a perfectly flat 
annulus. Thus, the magnetic chuck of the grinder grasps a 
machined true surface and a flat finish is assured for every 
ring, every time. 


As one engineer put it on examining Cook rings after a 
breakdown test, "at last we have flat rings." 





Cook Graphitic Iron Plain Rings feature: Excess car- To minimize ring problems, make sure your rings are flat. 
bon in the form of graphite flakes to ease the ring Order Cook Graphitic Iron Rings. For the full story, write 


over dry spots in the cylinder—Porosity to facilitate today, ATTENTION DEPT. 5-C. 
spreading of lubrication—Rapid work-hardening ability 

to minimize friction, prolong life—Freedom from wear- 

inducing, steel-like inclusions (carbides). 


C.:- LEE COOK MANUFACTURING CO. 
INCORPORATED 
LOUISVILLE, KY. 
: BALTIMORE * BOSTON * CHICAGO °* CLEVELAND 
Since HOUSTON * LOSANGELES * MOBILE * NEW ORLEANS 
1688 NEW YORK © SAN FRANCISCO © TULSA 
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with the notes, and any pertinent in- 
formation added. Then investigation 
should be made about roads in and out 
of the area, since this will not appear on 
the narrow strip with which the align- 
ment concerns itself. The map should 
then be put in such shape as to enable 
its being carried in a pocket, which may 
require some ingenuity in cutting and 
folding. This is a problem not to be taken 
lightly, though; one of the severest short- 
ages on a survey party is shortage of 
hands to carry things in. 

In advance of the actual survey, wires 
should be installed at convenient loca- 
tions, averaging about half a mile apart. 
As many of these as possible should be 
put on roads, trails, or other accessible 
points. Seldom will such points occur 
close enough together, so many will have 
to be in remote places. These should be 
put in fence lines if possible, and in 
every case, careful notes should be made 
of their locations. 

Four men comprise just about the min- 
imum party; five is better. Four men will 
have the following equipment to carry 
and use: (1) The party chief; notebook, 
maps or earlier notes, and the Shepard 
canes; (2) instrument man; potentiom- 
eter, one copper sulphate electrode with 
15-ft. lead attached, and one end of the 
120-ft. lead; (3) electrode man; one 
copper sulphate electrode, one end of the 
120-ft. lead, and drinking water; (4) 
utility man; locating bar, contact bars, 
and water can (for contacts). 

The survey gets under way by taking 
a pipe-to-soil reading at one of the wires; 
connecting one terminal of the poten- 
tiometer to the wire and the other to an 
electrode placed directly over the pipe at 
an even station. The station is recorded, 
and the potential reading just described. 
The instrument is then moved 100 ft. past 
the electrode position, the second elec- 
trode placed directly over the pipe at 
this station, and the potential difference 
between the two soil contacts measured. 
This value, added algebraically to the 
reading on the wire, will give the pipe- 
to-soil potential at the second station. 
The second electrode is then moved 100 
ft. past the instrument, and the process 
repeated. It will be seen that the instru- 
ment moves 200 ft. each time, as does 
the second electrode. This requires care- 
ful attention to the polarity of the various 
potentials—reading and recording. 

The party chief will always be some- 
where near the instrument, in order to 
record the readings as they are made. 
As he moves up his 200 ft., he takes re- 
sistivity readings from time to time—pos- 
sibly eight or ten per 100 ft.—and men- 
tally records the highest and lowest read- 
ings in each 100 ft. When he reaches the 
end of the second station, he records 
these -values while the instrument is 
being connected and the potential read. 
This work is not arduous, but it does re- 
quire a considerable amount of con- 
centration, and makes it difficult for him 
to give the proper amount of attention to 
a general look around for anything that 
might be pertinent. If a fifth man is avail- 
able for the party, he should be given 
the task of determining the resistivity 
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and reporting it at 200-ft. intervals. This 
leaves the party chief with the job of re- 
cording the data, and gives him enough 
freedom of mind to look out for the gen- 
eral work of the party. 

The work proceeds in this fashion un- 
til a point is reached within 100 ft. of a 
wire. The reading is taken on this point 
just as usual, and is then followed by a 
direct reading of this potential with re- 
spect to the wire. This value will differ 
from the derived value by an amount 
equal to the net potential drop in the 
pipe between the two points, plus the ac- 
cumulated errors of observation. If the 
discrepancy is not too large, it should be 
distributed equally among the several 
readings; this work is done later in the 
office. The distribution, instead of being 
strictly equal, may be modified to throw 
the larger part of the correction to read- 
ings taken on higher scales of the in- 
strument; but the practice in this respect 
is highly variable. 

Interspersed with these readings are 
the line current determinations, by tak- 
ing the potential drop in 100 ft. of pipe. 
These are taken at 1000-ft. intervals or- 
dinarily, but additional readings should 
be interpolated when very abrupt 
changes are found. This means a certain 
amount of backtracking, but with pres- 
ent facilities this seems unavoidable. 

All of the above data must be recorded 
in a field book. The kind ordinarily used 
for level notes has been found most suit- 
able, using the following form. 






































Sta. | Resis. | L.C. | S/S | P/S | P/S 
ohm-cm. mv. mv. mv. corr. 
1380 500 
1100 | N 0.12 (661) 661 
650 
1381 2100 —11.0 | 650.0 
600 
1382 6000 +9.0 | 659.0 
z= x x x x 
9000 (653) 
1403 | 15000 | y 32.0 | 643.0 | 














The potential values in parentheses 
represent values read directly from the 
wires; the 10-millivolt discrepancy be- 
tween the 643 millivolts derived by add- 
ing successive soil-to-soil potentials al- 
gebraically to the original 661 millivolts 
and the 653 read directly at station 1403 
must be distributed over the 23 stations 
intervening; the corrected values will be 
entered in the last column, to the nearest 
whole millivolt. 

@ Some possible future developments. 
I should like now to take a look at some 
of the possible future developments in 
the field of corrosion surveys. The item 
in which we are actually interested is the 
existent corrosion rate; this is, in the 
amount of current leaving the pipe itself, 
or the density of such current. Any meth- 
od that gives us only values at 100 ft. 
intervals is clearly an incomplete meth- 
od, for corrosion in soil is typically a 
highly local action. If the anode and 
cathode are close enough together, the 
corrosion may be quite severe, and yet 
cause almost no electrical effect 2 or 3 ft. 
away. There are, in theory at least, three 


methods of measuring this pipe-to-soil 
current. One is the measurement of pipe. 
to-soil potential, as has been described; 
another is the measurement of the cur- 
rent flow in the line, and from the 
changes in this current the determina- 
tion of current gain or loss; the third is 
the direct measurement of the current in 
the soil, radial to the pipe. 

In the use of pipe-to-soil potential, the 
greatest weakness is the danger of pass- 
ing over completely some very critical 
points, simply because we take the po- 
tential every 100 ft. Closer spacing by 
the present methods would enormously 
increase the time consumed, and hence 
the cost of the survey. What is needed is 
an instrument for recording the poten- 
tial all along the line in a continuous 
record. Such an instrument would re- 
quire a self-balancing recording poten- 
tiometer; a chart reading in distance in- 
stead of time; a large-area electrode con- 
tacting the surface of the ground; and a 
connecting wire on a reel. The instru- 
ment itself could be set up and connected 
to the pipe by a soldered wire. Then the 
electrode could be moved along the 
ground directly above the pipe, unreel- 
ing a wire as it goes. This process could 
be continued for a thousand feet, or half 
a mile, until another wire is reached. At 
this point the recorder is disconnected, 
the free end of the lead connected to the 
second wire, and the total voltage drop 
in the pipe determined. There are many 
details to be worked out in the design of 
the device, but none seems insuperable. 

A still more radical scheme may be 
based on the determination of line cur- 
rents. We need here a potentiometer with 
a sensitivity 100 times as great as those 
now in use. (Such instruments exist) . 
Furthermore, it must be small, self-bal- 
ancing, recording, battery-powered, and 
shock-proof. With such a sensitivity the 
current in a pipe could be determined by 
reading the drop in a 14-ft. length. What 
is proposed is to put such an instrument 
inside the pipe, and drive it along in the 
same manner as a scraper. The chart, or 
more probably film, could be driven by a 
gear motion, so that its travel would be 
proportional to the length of pipe. As this 
would probably be very inaccurate, it 
might be necessary to incorporate a 
clock, to indicate time at fixed intervals. 
The passage of the scraper by certain 
points on the line could be timed, and the 
record adjusted to agree. Or a recording 
clinometer could be incorporated into the 
apparatus, and the record correlated 
with the profile of the line. Here again 
there are many details to be worked out, 
and some of them might be insuperable. 

It is also possible that line currents, or 
perhaps even the true current density 
leaving the pipe surface, might be meas- 
ured by apparatus on top of the ground. 
It is almost certainly true that these phe- 
nomena produce some effect at that dis- 
ance, and if the effect is there, it should 
be possible to detect it. If it can be de- 
tected, it can be measured. It takes a 
brave man, or a rash one, to label any de- 
vice impossible or impracticable, after 
some of the things we have all seen in 
the last few years. kk x 
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the secrets of the most distant galaxies? What’s the limit? 


6 | = Completion of the 200-inch reflecting telescope on Mt. Palomar, California, 
ym will multiply the power of the human eye one million times! What new 
an ry worlds will astronomers and astrophysicists explore next? Will they learn 





IS Jowus (frome THE ENGINE-LIFE PISTON RING? 


Frankly, we don’t yet know! We do know that 
millions of rings in test-check service have proved 
that the Koprers Porous Curome* facing on the 
compression rings multiplies the life of the entire 
set by four—even five! And we know that wear 
on the block is halved! 

It’s the gentle honing action that seats-in the 
rings so quickly and with so little wear. 
The break-in period is neither costly nor 


*VAN DER HORST PROCESS 
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Piston Rings 


IN EVERY SIZE—OF EVERY 


destructive when American Hammered Porous 
CHROME rings are used. 

These amazing piston rings are produced for 
all types of gasoline and diesel engines. Specify 
them on new equipment. Use them on overhauls. 

For more specific details on your motor. 
address Koppers Company, Inc., Piston Ring 
Division, Box 626, Baltimore 3. 
Maryland. 





TYPE—FOR EVERY SERVICE 
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Multi-stage centrifugal compressor applications* 


By T. R. FOSTER, Manager, Centrifugal Compressor Sales, Clark Bros. Company, Inc. 


ly recent years there have been large 
capacity increases in gas and air com- 
pression requirements for the oil indus- 
try and the chemical process industry. 

New processes have been introduced 
that likewise require larger capacity 
compression equipment. Consideration 
of centrifugal compressors has follow- 
ed as a natural outgrowth of this higher 
capacity trend. Centrifugal compres- 
sors have their greatest economic sig- 
nificance on high capacity applications. 

In the past, high capacity centrifugals 
were synonymous with high volume as 
most centrifugal blower applications op- 
erated at discharge pressures below 50 
lb. In the centrifugal compressor field, 
high capacity may imply higher weight 
flows due to high gravity or higher pres- 
sure with its attendant lower relative 
volume. 


High pressure centrifugal compres- 
sors will ofttimes be employed on small- 
er inlet volume applications than has 
heretofore been economically feasible 
in centrifugal blower practice as the 
shaft horsepower will be high enough 
for commercial centrifugal application. 

The term compressor, in this instance, 
is used to signify a machine of radial 
design (Fig. 1) incorporating two or 
more shrouded type impellers in series 
discharging gas or air at pressures in 
the range of 50 to 500 psi. 

The tabular presentation (Fig. 2) 
covers a so-called line of such compres- 
sors, covering a range of 2000 to 60,000 
cfm inlet volume and maximum dis- 


*Presented at California Natural Gasoline As- 
ociation meeting December 5, 1946. Revised by 
author February, 1947. 








charge pressures from 110 psi to 300 
psi in semi-steel. An additional num- 
ber 114, 13%4-in. diam impeller com- 
pressor permits us to accommodate 
lower volumes and higher discharge 
pressures. The smaller size machines are 
available with steel cases, which also 
permits higher discharge pressures. 

Since these machines are not intended 
for duties of 200,000 to 300,000 cfm in- 
let volume, which might be more eco- 
nomically served by an axial flow type 
blower, they may be said to have an 
economic upper limit of capacity of 
120,000 cfm and 22,000 hp. Horsepowers 
of this magnitude are accommodated 
by utilizing the drive-through princi- 
ple. (Fig. 3). 

The lower limits of capacity will have 
to be resolved more often, and since the 
compression through the compressor re- 
sults in a reduction in volume, the exit 
volume is the limiting factor. 

Five hundred cfm exit volume and 
500 hp per case, or stage of compres- 
sion, are round numbers that may be 
used as a yard stick in determining 
whether a non-refrigerating duty war- 
rants a centrifugal compression investi- 
gation. Fifteen hundred cfm minimum 
inlet volume may be considered as a 
similar yard stick. 

A few applications employing direct 
steam turbine drives exhausting live 
steam to process may prove economical- 
ly feasible down to 300 hp, but most 
commercial applications may be expect- 
ed to fall in the 500 hp and higher ca- 
pacity range. 

Utility and driver costs vary to the 
extent that it is an impossibility to make 


factual statements regarding gas or air 
compression duties that might profita- 
bly be served by centrifugals. 

In general, large capacity centrifugal 
air compressors find their greatest usage 
where fuel cost is low. This is true in 
the case of blast furnace blowers and 
fluid cat-cracking units. On the other 
hand, many municipal and manufac- 
tured gas duties have been and are be- 
ing accommodated by centrifugals. 

Centrifugals are standard equipment 
in the steel industry for many applica- 
tions such as: blowing of blast furnaces, 
Bessemer convertors, cupolas, and coke 
oven exhausters and/or boosters. 

For refrigeration industry applica- 
tions in the range of 200 hp and up- 
wards the centrifugal compressor is 
rapidly becoming the standard rather 
than the alternate type of equipment. 
A very high numerical proportion of 
multi-stage centrifugal compressors op- 
erating in the United States are employ- 
ed on refrigeration cycles. The first units 
installed were in the capacity range of 
50 hp to 200 hp per unit. They were 
not sold as refrigeration units in com- 
petition with current competitive ma- 
chinery but as part of a system in which 
the buyer was interested in temperature 
and humidity guarantees rather than 
cost of machinery components. 

Many of the refrigeration units in in- 
dustries requiring steam for heating 
purposes employ back pressure turbines 
exhausting steam for process. Approxi- 
mately 40 per cent of the centrifugal 
refrigeration compressors in use utilize 
steam turbine drivers of different types. 

Some 60 per cent utilize electric mo- 
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The adaptability of standard Twin Disc Friction 
Clutches and Hydraulic Drives to a wide variety of oil field 
applications is one reason why today the list of rig manu- 
facturers who standardize on Twin Disc Products reads 
like the industry’s blue book. These manufacturers have 
found that there is a proved Twin Disc Product for 
every clutch problem. 

The Model P Air-actuated clutch illustrated here is 
one of the full line of Twin Disc Clutch Company Prod- 
ucts which have fully demonstrated their superior opera- 
tion in many types of machinery and equipment ...ina 
wide variety of applications. Each is offered in a wide 
range of sizes .. . each is designed, built, and applied 
with the skill which has been characteristic of Twin Disc 
workmanship for 28 years. Twin Disc CLUTCH COMPANY, 
Racine, Wis. (Hydraulic Division, Rockford, II1.). 
The adaptability of Standard Twin Disc Clutches and Hydraulic Drives 


to a wide variety of applications is graphically told in Bulletin No. PR-9. 
Write for your free copy today. 


The Model P has the same duplex heavy-duty plates and large friction 
areas as the Model EH. This means less work per square inch of friction 
area... greater torque capacity for any given shaft space... protection 
agarnst deterioration caused by heat. 





Heavy Duty Hydraulic 
Torque Converter 








Reduetion Gear 





Machine Tool 
Clutch 


rN Twi(ibisc 


CLUTCHES AND/HYDRAULIC DRIVES 
, Oe 


SPECIALISTS IN iMpustiar CLUTCHES SINCE 1918 
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MULTI-STAGE CENTRIFUGAL COMPRESSORS—Standard Sizes 



























































MODEL | NO.2COMPRESSOR | NO.3 COMPRESSOR | NO. 4 COMPRESSOR | NO.5COMP’R 

stacis|3 | 4 | 8 etal ee}, aie; s Ree 
CAPACITY—CFM— Approx. Maximum "7000 | 7000 | 7600 | 6000 | 18000 | 16000 | 14000 "32000 | 32000 | 25000 | 60000 | 60000 
CAPACITY—CFM—Approx. Minimum 2000 | 2000 | 2000 | 1700} 6000} 6000| 4500 12000 | 12000 9500 | 24000 | 24000 
TOTAL WEIGHT—Lb ve 7400 | 7980 | 8500 | 9050 | 13400 | 15000 | 16600 | 23500 (27000 | (30300 | 4000 | 85000, 
NORMAL SPEED—RPM 9800 | 9800 | 9800 | 8300 | 7350 7350| 700| S500| 5500/ 4300| 4150| 4150 
SUCTION OPENING—Dia. In. 12 “20 | 30| | | 36 
DISCHARGE OPENING—Dis. Tn. 8 af -_ ce eae 
IMPELLER—Dia. In. 18 24 {| | 3a) | | 4a 
INTAKE PRESS—PSIG 150 to} || wo) | TO 
DISCHARGE PRESS—PSIG 300 __ 200 | | of | | no 
MAX. SHAFT HORSE POWER 7000 | 10000 | | 18000 | | | 22000 











FIG. 2. 


tors through speed increasing gears. 

Refrigeration units that operate on 
summer air conditioning are quite often 
driven by the steam that is available for 
winter heating of plant or building. 
Both low and high pressure condensing 
type steam turbines are in such use. 

Figures 6, 7, 8 and 9 are introduced 
because they have historical significance 
in the development of compressors suit- 
able for petroleum industry applications. 

The machines shown were designed 
for Carrier Corp. by our senior design 
engineer who has since designed the 
Clark line of centrifugals. 

Fig. 6 shows what was probably the 
first centrifugal refrigeration installa- 
tion in the United States refining indus- 
try. The two units employ 450-hp elec- 
tric motor drivers and have operated for 
the past eight years on brine cooling 
duty at an eastern seaboard refinery. Op- 
erating experience on these units has 
been highly satisfactory insofar as the 
centrifugal compressors are concerned. 
Periodic exchanger tube failures have 
indicated the desirability of using stand- 
ard oil industry type heat exchangers 
and cheaper petroleum industry type 
refrigerant as the exchanger mainte- 











nance and refrigerant replenishment has 
been excessive. 

Fig. 7 is probably the first United 
States mixed petroleum hydrocarbon gas 
compression installation operating from 
atmospheric pressure to discharge pres- 
sure above 100 psi. The discharge pres- 
sure is 125 lb gauge, four compressors 
of approximately 1300 hp each direct- 
connected to steam turbines exhausting 
to process are involved. The machines 
operate on 40 mol wt gas in a Gulf Coast 
butadiene plant. 

Some operational difficulties were en- 
countered. The last report we have was 
last December at which time water was 
being constantly drained from the lube 
oil of one of the low stage units and one 
set of the machines had been operating 
continuously for five months. Experi- 
ence gained in handling this humidity 
laden gas points to the advisability of 
isolating the bearing chambers when 
excessive water is present in the gas 
stream. Auxiliary oil pumps were not, 
but probably should have been, incorpo- 
rated in the installation. 

Fig. 8 is probably the first United 
States centrifugal air compressor in- 
stallation compressing air from atmos- 
pheric pressure to pressures above 200 
psi. Three stages of uncooled centrifu- 
gals are used with interstatge cooling 





between stages. Two 2000 hp 3 impeller 
machines on the first stage operate in 
parallel, one 4000 hp 3 impeller ma. 
chine operates on the second stage and 
two 3000-hp 4 impeller machines op. 
erate on the third stage. The machines 
are synchronous motor driven through 
speed increasing gears. The air stream 
is kept free of oil by isolating the bear- 
ing chambers and three-stage compres- 
sion was successfully employed with 
machines operating in parallel and in 
series on a common air stream. The in- 
stallation is serving an East Coast super- 
sonic ballistic research laboratory. 

Machines in Fig. 9 are probably the 
first United States centrifugal refrigera- 
tion machines employing petroleum hy- 
drocarbon as the refrigerant medium. 
They operate on lean oil chilling at a 
Gulf Coast natural gasoline plant. The 
machines are direct driven by 375 hp 
steam turbines and are significant of the 
trend to petroleum hydrocarbon refrig- 
erants in centrifugal compressors. 

Fig. 10 is the first test centrifugal 
compressor manufactured by Clark 
Bros. It is specifically designed for high 
pressure duty in the petroleum and al- 
lied industries. 

During the past year a considerable 
number of high pressure compressors 
have been ordered by the petroleum in- 
dustry. Quite a few propane refrigera- 
tion compressors have been ordered for 
lube oil dewaxing. One of the orders 
we have received embodies 21 compres- 
sors totaling over 70,000 hp. Air, oxy- 
gen, propane, and mixed petroleum hy- 
drocarbons are involved. The oxygen is 
to be compressed to 290 psia and the 
mixed hydrocarbons to 275 psia. Cen- 
trifugal manufacturers have orders for 
other duties such as the compression of 
ethylene, propylene, and sulphur di- 
oxide. A number of these machines will 
go on stream in the future. 
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Drilling lines and sand lines made by J&L give you the depend- 
able service that cuts drilling costs. They are Precisionbilt of 
J&L Controlled Quality Steel to stand by your crews and equip- 
ment for every foot of hole. Specify J&L Precisionbilt Wire 


Lines for all your rigs. 


JONES & LAUGHLIN STEEL CORPORATION 
GILMORE WIRE ROPE DIVISION 


PITTSBURGH 30, PENNSYLVANIA 


Jal (Hrecivionble- PERMASET PRE-FORMED WIRE ROPE 
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It is apparent that centrifugal com- 
pressors have gained a certain degree 
of acceptance in the petroleum indus- 
try, and petroleum engineers are hence 
becoming interested in the theory and 
machine characteristics. 

The pertinent theory and operating 
characteristics are not similar to recipro- 
cating compressor characteristics and 
attempts to evaluate the operating char- 
acteristics of either from the other view- 
point is confusing. 

Fortunately, most petroleum engineers 
are familiar with centrifugal liquid 
pumps and approach from the cen- 
trifugal liquid pump view- 
point rather than the re- 
ciprocating gas compressor 
viewpoint may help engi- 
neers to properly evaluate ; 
the machines. The centrif- 
ugal compressor may be 
called a multi-stage gas 
pump if you wish. 

Professor Church has 
published a text in which he 
combines centrifugal pumps 
and compressors and suc- 
cessfully coveras both due 
to the similarity of the un- 
derlying theory. 

There is one marked dif- 
ference, however. As in the 
case of gas transmission as 
compared with liquid trans- 
mission volume is an addi- 
tional variable that makes 
selections and calculations 
somewhat more complicated 
than liquid pump selection. 
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COMPRESSOR BRAKE HP 


PER CENT RPM 





The comparative volume, temperature 
and head characteristics make an inter- 
esting comparison, and are illustrated in 
Fig. 12. 

Head of a pump or compressor, hy- 
draulically speaking, is the number of 
feet of the medium being pumped, that 
the unit will produce while delivering its 
rated capacity. It may add to clarity to 
visualize a 4-stage water pump, that 
takes suction at 0 psi gauge and dis- 
charges at 800 psi gauge, capable of 
sustaining a water column 1848 ft in 
height or 1 psi gauge for each 2.31 ft 
of water. In the liquid pump the pres- 
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sure rise per impeller is essentially the 
same. Temperature effect on volume 
and head is approximately constant on 
all impellers as the temperature rise is 
negligible. Temperature is therefore 
neglected on the chart and volume is 
constant at 100 per cent gpm as shown. 

The comparative 4-stage centrifugal 
air compressor illustration is not of the 
same scale as the liquid pump illustra- 
tion, the magnitude of heads being too 
divergent for identical scale representa- 
tion. Note that 37,200 ft of air, at adia- 
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FIG. 6. 


batie compression conditions, is equiva- 
lent to 26.3 psi pressure differential 
while only 1848 ft of water is equivalent 
to 800 psi gauge pressure differential. 

Pressure ratio of 2.8 is taken for illus- 
trative purposes and can be produced by 
1 four impeller uncooled centrifugal air 
compressor. With 14.6 psia and 100 F 
inlet the 2.8 ratio is equivalent to 40.9 
psia discharge pressure. 

The adiabatic representation is use- 
ful in that it enables us to visualize what 
would take place in a frictionless or 
100 per cent hydraulic efficiency com- 
pressor. The adiabatic head may be vis- 
ualized as a perfectly insulated column 
or mine shaft extending from the earth’s 
surface, at an elevation equivalent to 
14.6 psia and 100 F, to a point 37,200 
ft below where the pressure due to adia- 
batic compression would be 40.9 psia 
with the corresponding adiabatic tem- 
perature of 289 F. The weight of the 
iir in a column of the height, tempera- 
ture and pressure represented would be 
ufficient to produce the 26.3 psi gauge 
pressure differential and the tempera- 
ture and pressure at quarter point ele- 
vations would be equivalent to the in- 
let conditions at the eye of the second, 
third, and fourth impellers. Adiabatic 
head (Fig. 13) is obtained from the 
familiar work formula in which volume 
V, is taken for one pound, which results 
in a product of feet rather than foot- 
pounds. In the past, most blower appli- 
cations dealt with air and gases of like 
specific heat ratios, thereby permitting 
the use of the pseudo-adiabatic base 
with uncooled compressors. The adia- 
batic formulae illustrated are in gen- 
eral use for such applications. With the 

stablishment of the overall head and its 
quartered division the pressures and 
temperatures are obtained by solving for 
pressure ratios equivalent to the pro- 
portionate heads. The formula has mere- 
ly been rearranged for convenience. 


292 


Frictionless or adiabatic compression 
is a purely theoretical concept in an un- 
cooled centrifugal compressor. It is nec- 
essary to bridge the gap between the 
theoretical concept and the polytropic 
process that takes place in the compres- 
sor. The term polytropic means “all 
heat” and is used for processes other 
than isothermal and adiabatic, whether 
temperatures and volumes lie between 
those of isothermal and adiabatic com- 
pression or above adiabatic as indicated 
in our uncooled compressor illustration. 
Using hydraulic efficiency that the man- 
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ufacturer obtains from test and using 
available ratio of specific heat values 
the polytropic exponent may be obtained 


from the relationship a = * / Eft 


The value obtained is based on no radia 
tion loss or gain. For gases of negligible 
compressibility, the familiar head for- 
mula is used in conjunction with the 
exponent thus obtained. (Fig 14). With 
relatively high molecular weight hydro- 
carbons at high pressures, the use of the 
less familiar equation is recommended as 
it more accurately reflects compressibil- 
ity. Use of the speed formula and an aver- 
age value of .55 for “U” will allow esti- 
mating selections to be made with the 
Clark line. It should be noted that the 
head per impeller expression derives 
from the familiar gravity relationship. 
Velocity squared equals 2g H. The man- 
ufacturer’s application engineer makes 
more accurate selections by selecting 
“U” values from his nominal rating ta- 
ble and the applicable pressure and ef- 
ficiency corrective factors. 

Use of applicable formulae in con- 
junction with the polytropic exponent 
of compression (return to Fig. 12) gives 
us the head temperature and pressure 
relationships for polytropic compression. 
The losses within the compressor result 
in temperatures higher than correspond- 
ing adiabatic temperatures. The higher 
temperatures lower the specific weight 
of the gas and we must consequently 
have a greater number of feet of the 
lighter gas to be equivalent to a pres- 
sure differential of 26.3 psi. Approxi- 
mately 5 per cent more head is required 


FIG. 7. 
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It would take a drilling contractor months of work and thousands 
of extra dollars to be able to build a rig that could do an efficient, 
economical job of drilling. So, it is more practical for him to obtain 
a Power Rig from a reliable rig manufacturer. 





The same holds true when it comes to power. Making your own 
isn’t as inexpensive as it sounds when one considers the additional 
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FIG. 8. 


because of this higher temperature. The 
discharge temperature of 361 F is the 
temperature that would be read on a 
thermometer if the machine were under 
test. Our calculation assumed our know- 
ing the hydraulic efficiency and no radia- 
tion loss or gain from the compressor. 

While the liquid pump operates with 
equal pressure rise, constant volume, 
and approximately constant tempera- 
ture through each impeller, the uncooled 
gas pump operates with variable pres- 
sure rise, volume and temperature. The 
gas pump impellers may be selected for 
equal diameter but the width of the 
impellers is decreased as we progress 
through the machine. The multi-stage 
liquid pump may employ identical im- 
pellers throughout. 

With constant inlet temperature and 
volume the gas pump would compress 
from 146 psia to 409 psia or a differ- 
ential of 263 psi. It is apparent that the 
compression ratio has remained con- 
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stant with the increased inlet pressure 
and horsepower has increased in the 
approximate ratio of 10 to 1. The liquid 
pump would continue to deliver 800 psi 
differential with increased suction pres- 
sure and horsepower would remain sub- 
stantially the same. Neglecting viscosity, 
both the centrifugal gas pump and liquid 
pump are independent of density as re- 
gards head. The centrifugal gas pump 
will develop the same head whether han- 
dling hydrogen or mercury vapor. The 
pressure ratios for a given head or num- 
ber of impellers vary markedly, how- 
ever. (Fig. 15). It will be noted that a 
5 impeller compressor will produce a 
pressure ratio of approximately 2 to 1 
when compressing methane, whereas the 
same number of impellers (or head) will 
produce approximately 12 to 1 when 
compressing butane. 

The 700 ft per sec peripheral speed 
given in the tabulation is quite conserva- 
tive. Tip speeds of the magnitude of 


FIG. 9. 





750 to 775 ft per sec will be more nor- 
mal. These tip speeds are four to five 
times those normally employed for liquid 
pumps and consequently result in a 
much more rugged machine as the gas 
pump is designed for the higher stresses 
involved. 

We have covered head as related to 
water pumps, and uncooled centrifugal 
air compressors for both the psuedo- 
adiabatic and actual polytropic base. 

Iso-thermal compression and gasses, 
other than air, should be considered in 
order to round out the picture. Iso-ther- 
mal implies compression without tem- 
perature rise. With an infinite amount 
of intercooling, we may approach but not 
reach iso-thermal compression. Some 
European manufacturers design their 
centrifugal air compressors for a high 
degree of intercooling between impellers 
as power cost is, generally speaking, of 
greater economic significance there than 
is the case in the United States. The de- 
gree ef cooling achieved is such that air 
compression, temperatures and volumes 
fall between iso-thermal and adiabatic. 
As use of either process results in the 
selection of a psuedo-base, iso-thermal is 
apparently chosen for simplicity of cal- 
culations. 

It will be noted that with equal pres- 
sure ratios (Fig. 11) the deviation from 
adiabatic for uncooled centrifugals are 
by no means constant. We have a 5 per 
cent variation with air, a 4 per cent varia- 
tion with sulphur-dioxide and a 2.1 per 
cent variation with propane. The gravity 
of the gas does not explain this varia- 
tion as sulphur dioxide with the higher 
gravity has a greater variation than pro- 
pane. The ratio of specific heats seems 
to have the most marked effect. The 
second column for propane shows the 
effect on head when compressibility is 
figured for the compressor discharge 
condition. The inlet and outlet pres- 
sures used in the calculations are in the 
range of commercial applications. 

The efficiency variations are given in 
points of efficiency. Three and a half 
points for air, two and eight-tenths for 
sulphur dioxide and one and six-tenths 
for propane. It is apparent that the use 
of efficiencies related to the adiabatic 
base would result in a discrepancy of 
one and eight-tenths per cent for pro- 
pane. In other words, our adiabatic ef- 


FIG. 10. 
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FIG. 11. Deviation from adiabatic uncooled centrifugal compressors. 


Air 80, Propane Propane 
noch ete A 1.0 2.215 1.52 1.52 
Com on ratio... 2.8 2.8 2.8 2.8 
CFM at inlet... 26,000 6,150 5,830 5,830 
Inlet, peia.... 4.6 40.3 89.3 89.3 
26.3 4 160.7 160.7 
Discharge, psia................. 40.9 113.0 250.00 250.00 
Inlet temperature, °F........... 100.0 60.0 48.0 48.0 
261.0 144.0 99.0 97.0 
Discharge temperature, °F....... 361.0 204.0 147.0 145.0 
Specific volume cu./ft. Ib inlet. . . 14.82 2.05 1.165 1.165 
Specific volume cu/ft Ib outlet. . . 46 
a ee 1.593 38 1.21 1.20% 
Adiabatic “"N”.......... Bet 1.395 256 1.15 
OS hy ere 1.0 0 1.0 
Polytropic head, ft.............. 39,050 14,180 16,880 16,300 
5.0%, 4.0%, 2.1% 
Adiabatic head, ft.............. 37,200 13,680 16,520 
Isothermal head, ft............. 32,100 12,280 15,410 
Polytropic efficiency (base)...... 76.0 74.0 74.0 74.0 
3.5% 2.8% 1.6% 
Adiabatic efficiency............. 72.5 2 72.4 
Isothermal efficiency............ 62.5 .0 ‘ 67.5 
Hudraulic horsepower........... 2,800 40 3,460 3,340 
Weight flow, lb/min............ 1,800 000 5,000 5,000 








ficiency for propane would be 70.6 per 
cent instead of 72.4 per cent. 

It would appear that the great variety 
of gases, with varying specific heat 
ratios and compressibility character- 
istics, that could conceivably be com- 
pressed centrifugally will require some 
special consideration if inaccuracies in 
horsepower and speed calculations are 
to be avoided. 

It is recognized that the use of an 
adiabatic base and of Mollier diagrams 
permits rapid calculations of compres- 
sion horsepower requirements, and is 
favored by engineers in the industry. 
With reciprocating compressors the 
variation between the psuedo-adiabatic 
base and the actual is small with water- 
jacketed cylinders, and adiabatic there- 
fore provides the required accuracy. 
Uncooled centrifugals cannot be select- 
ed with accuracy on an adiabatic basis 
if gases of widely divergent specific heat 
ratios are to be accommodated from the 
same rating data. Practically all the 
losses in an uncooled centrifugal tend to 
heat the gas and accentuate the varia- 
tions. Mechanical losses are only exter- 
nal losses and seldom exceed 1 per cent. 


HEAD IN FEET HEAD IN FEET 


As was pointed out for European air 
compression practice, any base will give 
a certain degree of accuracy if the gases 
to be handled are of like specific heat 
ratio and compressibility is also a negli- 
gible factor. 

Personal experience with the use of 
the actual polytropic concept and hy- 
draulic efficiency as used by hydraulic 
turbine and pump designers does not 
render us unmindful of the point that 
an adiabatic air or equivalent base could 
be used and corrective factors employed 
for the gases that deviate excessively 
from air. It has been felt that the use 
of such factors will prove more cum- 
bersome, in the future, than solving for 
polytropic or temperature rise exponent. 

‘ When working with the actual head, 
one set of rating curves will suffice (Fig. 
17) if the application engineer will 
avoid exceeding sonic speed with the 
gas to be compressed. The critical con- 
dition exists at the impeller inlet and 
results in the phenomenon sometimes 
referred to as the stonewall. Note that 
the curves are plotted for polytropic 
head versus first impeller inlet cfm. The 
constant speed curves are plotted in per 
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cent of nominal rpm. As the speed and 
head is increased, the surge point moves 
over toward the stonewall thereby de 
creasing the stable range of operation. 
With air and low molecular weight gase« 
we do not normally encounter this sonic 
speed phenomenon and the head curves 
carry out in a manner similar to the 95 
per cent nominal speed and below curves 
with a resultant wider range of stable 
operation. 

We previously spoke of the dissin. 
ilarity of the centrifugal machine op. 
erating characteristic when compared 
with the reciprocating compressor. The 
dissimilarity is such that one type’s 
strength becomes the other’s weakness. 
The strength of the centrifugal lies in its 
ability to handle wide capacity varia- 
tions with slight head variations. Fig. 
17 shows a 44.8 per cent capacity de- 
crease with 23 per cent increase in head 
at 100 per cent nominal speed. The 23 
per cent increase is excessive for pe- 
troleum hydrocarbon compressors that 
have less backward blade curvature and 
do not crowd the stonewall. Percentage- 
wise, the increase in head is also on the 
high side for high compression ratios 
that obtain on low temperature refrig- 
eration applications and natural gas 
compression requirements that could 
conceivably involve compression ratios 
as high as 20 to 1. A recent check on a 
problem of this nature revealed that 
with approximately 14 lb abs inlet pres- 
sure and 300 lb abs discharge pressure, 
an increase in suction pressure of 5 lb 
would require an average speed reduc- 
tion of approximately 6 per cent with 
discharge pressure and weight flow re- 
maining constant. 

From the illustration it will be ob- 
served that 9.3 per cent speed reduction 
will reduce the volume from 3080 cfm 
to 1360 cfm, with a constant head of 
7000 ft before reaching the surge point. 
This is a volume or weight flow reduc- 
tion of 55.8 per cent with only 9.3 per 
cent speed reduction. If stability is the 
prime consideration, the compressor 
could be operated at constant speed and 
the 23 per cent increase in head could 
be employed in suction throttling which 
would increase the vapor volume at the 
compressor inlet, which in turn moves 
the operating point to the right and pro- 
vides stability with even lower weight 
flow than the 44.2 per cent obtainable 
with speed reduction. 

Engineers are familiar with the laws 
that apply to centrifugal fans, pumps, 
and compressors, viz.—volume varies as 
the first power of speed, head as the 
square of speed and horsepower as the 
cube of speed. 

It is sometimes erroneously assumed 
that if speed and volume changes as the 
first power, the head must change as 
the square of the speed and the horse- 
power must vary as the cube of the speed 
change. This approach overlooks the 
system characteristic that the centrifu- 
gal machine has to contend with. In a 
system where head is composed entirely 
of frictional resistance, and since pres- 
sure drop varies approximately as the 
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COMPARE THESE 8 OFFSETTING 
WELLS IN 4 SEPARATE FIELDS. Each 
well completed with Black Magic is 
compared with an offset well com- 
pleted with a conventional water 
base mud. In each comparison the 
factors governing production closely 
parallel one another—such as chokes, 
permeability, pressures, etc. Only in 
production figures do the wells lack 
similarity. Black Magic is the decid- 


ing factor here. 
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Later Production 
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\Comparable Restricted Chokes 











300m.d. | 2400m.d. | 2400m.d. 
1450 136 110 
282 423 65 

















| em ARE NOT UNUSUAL EXAMPLES. In almost every 
instance where data is available, wells drilled with 
Black Magic show greater production, not only at the 
time of completion, but many months later, and produc- 
tion curves at the end of two and three year periods are 
on the average even more amazing. 


Water in the producing zone restricts the free flow 
of crude oil, lessening the ultimate recovery of oil from 
the well. This is commonly referred to as “water block- 
ing” or “mudding off.” By capillary action and hydrous 
swelling of the formation, water particles actually seal 
up minute crevices in oil sands and even under extreme 
pressures the water is never completely dislodged. 

Black Magic has a zero filtrate loss, forms only a 
paper thin mud cake, which is completely taken off by 
crude oil, eliminating blocking off the pay section. 

In addition, cement, salt, anhydrite, gypsum and lime- 
stone will not affect it. No chemicals are needed to 
maintain the properties of Black Magic. Core recovery 
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is higher than with any other drilling fluid and accurate 
values are obtained. Black Magic lubricates bit bearings, 
allows longer bit time on bottom, keeps a hole “to 
gauge” and eliminates conditions causing stuck pipe. 
Black Magic may be regenerated and used over and 
over again. When properly used it is one of the most 
economical commodities in the entire drilling operation. 

Write for “Oil Base Drilling Fluids”— an informative 
paper delivered at 75th annual meeting of A.I.M.E.; 
and Black Magic Catalog. 

Black Magic is not to be confused with any other type 
of oil base drilling fluid and is manufactured, distrib- 
uted and serviced by Oil Base, Inc., an entirely inde- 
pendent company. 


OIL BASE, INC. 


P. O. BOX 3735 TERMINAL ANNEX, LOS ANGELES 54, CALIFORNIA 
OKLAHOMA CITY HOUSTON 
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FIG. 13 
For normal air and perfect diatonic gases the following 
adiabatic formulae are in general usage: 





. ea K-1_ 3047 | 
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Values of X have been tabulated by Moss and Smith for 


normal air and pertect diatomic gases. 
Mean effective pressure ratio: 
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y.-Z7DN _ 720XU, 
2 720 ——— 
Adiabatic formula 
(r).288 = -283 X adiabatic head , 1 
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FIG. 14 
Polytropic formulae 
Polytropic exponent = —_ (uncooled) 
N-1 K-l K-l 
Se ee ee —— = .283 
N x /Hydraulic efficiency K 
.283/.76 = .372 (for air) 
144 P, V, ae 
ytropic head = wl (F a. 
“N- 
N—1 a Polytropic head 
N N 44 
144 P, V, 


From the gravity relationship (U,)* = 2 gH 


Head /Impeller = 39.9 
_ 1300 Ye 
n = 
D U 
Isothermal head = 144 P, V, 2.302 Log,, (r) 
Polytropic head = aX PY, + P,,V,] Log,, (1) 





N—1 
T, =T, (x) N 


Pressure coefficient X (U,)? 











= 165.7 [P, V, + P,V,] Log,, (r) 
T = Absolute temperature 
U., = Impeller peripheral speed in feet per second 
n = Revolutions per minute 
D = Diameter impeller in inches 
U = Pressure coefficient product of centrifugal action in 
impeller and conversion of velocity pressure to static 
pressure in diffuser. Varies with blade angle and 
other factors between .5 to .6 
r = Ratio of compression 
1544 
mol. weight 
H, = Adiabatic head in feet 
g = Gravity = 32.2 


R = Gas constant = 





aw =: 3.1416 

N = Polytropic exponent of compression . 
C 

K = — Adiabatic exponent 


C, 














square of volume or velocity, this ap- 
proach is not far off. Most systems, how- 


FIG. 15. Centrifugal compressors compression ratios.* 





ever, are composed of fixed pressure dif- 
ferences that are of far greater magni- 


(14.7 psia, 100°F entr. cond.) 





tude than the frictional head. Large No. Gas Mo. wt. 2 impellers 3 impellers 4 impellers 5 impellers 
apenas Foe in —_ — > PP, PP; PP; PiPi 
not appreciably alfect the overall head. esi Gieiics ccinccndnsacdans 29 Max. 1.70 Max. 2.13 Max. 2.64 Max. 3.19 
[t will be recognized that the centrifugal Min. 1.62 Min. 2.01 Min. 2.45 Min. 2.94 
+ isti 2 —— pemimaeianb issu 16 Max. 1.36 Max. 1.57 Max. 1.80 Max. 2.05 
precy ol a. oy (gla: —-aneonmenmmnatie Min. 1.33 Min. 1.51 Min. 1.72 Min. 1.94 
system. characteristic of this type, 1e., 3 Neperd Bean Aaavchaden 20. Max. 1.46 Max. 1.75 Max. 2.13 Max. 2.43 
large flow variation with slight change BU chinscnciosanauce Min. 1.42 Min. 1.67 Min. 1.95 Min. 2.26 
in head. xi cacctasnswaneses 28 Max. 1.69 Max. 2.15 Max. 2.70 Max. 3.34 

D di th t h t Ee Min. 1.62 Min. 2.03 Min. 2.50 Min. 3.06 
, wepending upon the system character- i 8 =—_«s re 30 Max. 1.76 Max. 2.26 Max. 2.88 Max, 3.6 
istic, the centrifugal may be automati- Baik tanitciieatacds Min. 1.68 Min. 2.12 Min. 2.65 Min. 3.28 
cally made to operate at an int to the a ee 42 Max. 2.19 Max. 3.12 Max. 4.35 Max. 5.95 
in be a ae aa og pied “ : = bcc Min. 2.06 Min. 2.85 Min. 3.89 Min. 5.23 

8 —— a Se 7 86=— Re 44 Max. 2.27 Max. 3.28 Max. 4.63 Max. 6.40 
speed curves if provided with variable Sika aiiksihconuianl Min. 2.13 Min. 2.97 Min. 4.13 Min. 5.58 
speed. It is a simple matter to provide ING. cisnisai:casdscenen 58 Max. 2.96 Max. 4.82 Max. 7.65 Max. 11.80 
; : : : MN ino sivarvusecacenctas Min. 2.72 Min. 4.25 Min. 6.52 Min. 9.80 
such control with turbines. With prea 5625.6 cs bind stioiaos ace 58 Max. 2.96 Max. 4.82 Max. 7.65 Max. 11.80 
stant speed motor drive it is a question | Eee Min. 2.72 Min. 4.25 Min. 6.52 Min. 9.80 


of economics as to whether the incre- 
mental cost of hydraulic couplings or 
magnetic couplings will pay out over 


*“U” value at max. = 57. 
*“U" value at min. = .52. 
Impeller tip speed = 700 ft/sec. 
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WHEN ECONOMY COUNTS, SPECIFY RED SEAL POWER “~~ : a 


The Red Seal engine you select from the broad Continental line will fully meet 
the power requirements of your application. The results of this matching of 
power to the job are maximum operating efficiency, lowest maintenance 
cost, all-round economy. Add to this the rugged dependability of Red 
Seal engines (many have been in daily operation for 10 to 15 years or more) 
and you know why Continental is the one best engine for any oil field job. 


(ontinental Motors [orporation 


P.O. Box 2309 205 Market St. 5077 S. Santa Fe 
Dallas |, Texas Muskegon, Michigan —_ Los Angeles 11, Calif. 











| BUNT FOR 
THE JOB! 
7 POWER R BY 















Engines 
CONTI N E way 


a Zz 


i 
? 



















ry, fh 



















45 YEARS’ SPECIALIZED EXPERIENCE BUILDING ENGINES FOR TRANSPORTATION, INDUSTRY, AVIATION AND THE FARM 


iP 


Preah 


WINCHES 











THE PETROLEUM ENGINEER, Reference Annual, 1947 














simpler suction throttling. It its appar- 
ent that such devices operate at optimum 
efficiency when coupled with the cen- 
trifugal characteristic which keeps cou- 
pling losses to a minimum because of 
the slight speed reduction required for 
large capacity variations. With constant 
speed the compressor will operate at 
any volume to the right of the surge 
point on the 100 per cent nominal speed 
curve or any other single curve for that 
matter. Further stability is obtainable 
by means of suction throttling as pre- 
viously mentioned. 

It is apparent that machines with such 


3.00 
2 RAT 


1.70 


>OMPRESSION 


4000 6000 


i relatively flat head characteristic are 
sensitive to head variations. It is for this 
reason that the centrifugal application 
engineer thinks in terms of head and 
carefuly selects the rotative speed that 
will produce the required head. The 
reciprocating application engineer, on 
the other hand, gives due consideration 
to volumetric efficiency which is rela- 
tively unimportant in centrifugal selec- 
tions. The reciprocating machine may 
be said to have a relatively flat volume 
characteristic at a given speed as its 
head varies over a wide range with slight 
changes in volume. The reciprocating 
compressor is sensitive to volume and 
is often furnished with clearance pock- 
ets or speed variation. The centrifugal 
is sertsitive to speed and is more often 
furnished with variable speed and suc- 
tion throttling than with bypass. 

It is important that a centrifugal ma- 
chine and its driver be selected for a 
speed that will permit the compressor to 
deliver the required pressure differen- 
tial with the minimum gravity gas the 
machine will be called upon to handle. 
If this precaution is taken (Fig. 4) 
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there need be no fear of the machine's 
coping with variable head or pressure 
conditions. The operating charts were 
taken concurrently and illustrate the 
capacity surges that can be handled by 
a centrifugal machine while maintain- 
ing close control of temperatures or pres- 
sures in process. Note that the load on 
the driver varies in the ratio of 80 to 20 
or 4 to 1 as indicated by steam flow. 
These fluctuations in load are accom- 
panied by rapid changes in head to 
which the machine responds almost in- 
stantaneously through the medium of a 
relatively simple control device. 

Still wider ranges of head and pres- 
sure are met on certain intermittent 
duties such as skating rinks. Machines 
are called upon to start chilling the 
brine tank at a relatively high tempera- 
ture level of 55 F and pull down to 25 F. 
As indicated by curve “A,” the final 
brine temperature is approximately 10 
F giving a range of 45 F. This is a duty 
that imposes a hardship on the cen- 
trifugal compressor and reciprocating 
type compressors are unquestionably 
better adapted if the operation is con- 


800 
FIRST IMPELLER 








1200 1600 2000 2400 2800 3200 


CFM AT 33F 





tinuous. Two other well known. sta- 
diums, Madison Square Garden and At- 
lantic City Convention Hall, have like- 
wise employed centrifugals for this duty 
for more than 15 years. The N.A.C.A. 
wind tunnel in Cleveland employs 21.- 
000 hp of centrifugals over an even 
wider range of temperatures. 

Whereas continuous duty and high 
power costs would undoubtedly favor 
reciprocating equipment for such duties, 
it is of interest to note that centrifugals 
can be adapted to such an unfavorable 
duty and that Madison Square Garden 
has purchased centrifugals again after 
approximately 20 years operating expe- 
rience with such an arrangement. 

Performance curves for machines that 
take suction at constant pressure normal- 
ly plot cfm at constant inlet condition 
against discharge pressure as illustrated 
in Fig. 5. Corrective factors for vary- 
ing inlet temperatures may be employed. 
The curve on the right is illustrative of 
such performance curves. 

The operating characteristics of a 
centrifugal compressor on a refrigera- 
tion cycle can be best represented by 
plotting varying suction temperatures 
against horsepower and capacity as 
shown in the upper half of the curve at 
the left (Fig. 5), and varying suction 
temperatures against per cent rpm and 
capacity as shown below. Note that at 
100 per cent capacity approximately 21 
per cent speed reduction is required to 
raise the suction temperature from minus 
20 F to plus 20 F, or a range of 40 F. At 
50 per cent capacity only 12 per cent 
speed reduction supplemented by suc- 
tion throttling is employed in order to 
avoid surging. 

In addition to head and discharge 
pressure, pressure ratio as illustrated in 
Fig. 16 may be plotted against inlet cfm 
at a given inlet temperature. Perform- 
ance curves in this type may prove to be 
of more use to the customer on gas com- 
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pression applications, if the suction pres- 
sure is subject to variations. Note that 
the pressure ratio is 2.55 when handling 
9000 cfm. The surge point is at 4100 cfm 
volume or 45.5 per cent. The 54.5 per 
cent increase in volume from surge point 
to 9000 cfm is accompanied by a reduc- 
tion in pressure ratio from 2.93 to 2.55, 
or 13 per cent while the corresponding 
head reduction is equivalent to 15 per 
cent. This value corresponds to the pre- 
vious 23 per cent increase in head given 
for the compressor with impeller blades 
of more backward curvature. When the 
23 per cent factor is adjusted for equal 
stability range and head reduction rath- 
er than increase, the value becomes 24 
per cent as compared to 15 per cent. 
This is to be expected as greater back- 
ward curvature of impeller blades re- 
sults in a more drooping characteristic 
curve. 

Note that although the compressor 
shows a maximum hydraulic efficiency 
of 84 per cent, the efficiency at the selec- 
tion point is 76 per cent. This is another 
inherent difference in centrifugal and 
reciprocating compressors. For reasons 
of stability and ofttimes maximum ef- 
ficiency at normal operating condition, 
the centrifugal is not picked at its most 
efficient point. This results in relative- 
ly higher full load power for the cen- 
trifugal than for a reciprocating installa- 
tion. Whereas the reciprocating com- 
pressor shows to best advantage by com- 
paring at full load and maximum pres- 
sure ratio, the centrifugal gains effi- 
ciency at part load, within the range of 
stable operation, and the fixed valve 
losses and higher mechanical losses in 
the reciprocating machine result in a 
falling off in efficiency at part load. The 
centrifugal machine has no valves and 
its mechanical losses are insignificant. 


The pulsation or surge point is cov- 
ered on pages 46 and 47 of the text 
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by Austin H. Church and will not be 
repeated at this time. It is pertinent to 
observe that head imparted to the fluid 
is largely pressure head due to centrifu- 
gal force and partly velocity head. This 
velocity head falls off with decrease in 
flow until a point is reached where the 
fluid flows back through the machine and 
pressure drops to the zero flow value. The 
point at or near the peak of the pres- 
sure curve, where reversal occurs, is 
termed the surge point. This is a char- 
acteristic of centrifugal liquid pumps 
as well as centrifugal gas pumps. 

Means of providing a wider range of 
stable operation before reaching this 
point are resorted to by centrifugal com- 
pressor engineers. 

Speed reduction will provide a small 
measure of added stability as the pulsa- 
tion point drops back as the first power 
of speed reduction as indicated by the 
slope of the indicated surge point. 

Commercial approaches to providing 
a wider range of stable operation have 
resulted in the use of suction throttling 
and bypassing from discharge to suc- 
tion or intermediate stages. You will 
note that the flow diagram (Fig. 18) in- 
dicates both a valve at the compressor 
suction that could be either manually or 
automatically operated and a bypass 
valve that could be either manually or 
automatically operated. 

The term ‘‘commercial” was chosen 
because there are other methods that 
could be used such as a power recovery 
device through which by-passed air or 
gas would be reduced from compressor 
discharge to compressor suction pres- 
sure and the recovered power used to 
unload the main driver. 

Another method that is applicable to 
high volume low pressure machines han- 
dling clean fluids are adjustable dif- 
fuser vanes. This method has provided 
a very high degree of flexibility on high 
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volume machines for special testing pur- 
poses. Most applications of this type 
have been made by European firms. 

Another method—adjustable inlet 
guide vanes—is illustrated by Clark 
fixed inlet guide vanes, which provide 
approximately 15 per cent fixed volume 
variation by the alternate use of radial 
or against rotation vanes. As will be 
gathered from the above percentage of 
15 per cent, the method is limited in 
range even though arranged for auto- 
matic operation. On multi-stage units 
of small physical size, the method is 
generally confined to the first impeller 
which reduces its utility. 

The small extent of utilization of the 
above three methods in the United States 
is possibly due to our relatively low 
power cost. 

On high pressure machines the phys- 
ical size of the equipment is not con- 
ducive to incorporation of cumbersome 
movable vanes and mechanisms. . The 
fear of fouling due to foreign matter in 
the gas may also be a deterrent. 

At the present time the economic use 
of centrifugals is limited to relatively 
high capacities, as covered hereinbefore, 
where steam or electrical drive fits eco- 
nomically. 

Generally speaking, the economics of 
the driver, in the petroleum industry, is 
considered to be of greater significance 
than the compressor. Therefore, when 
burning of fuel gas direct offers the 
most economical power, it would ap- 
pear that the centrifugal compressor 
will continue in a disadvantageous com- 
petitive position for some time to come. 

Gas turbines, or other commercial 
means of providing the centrifugal with 
a driver that might compete with the 
internal combustion gas engine, are be- 
ing given consideration but appear to 
be in the development rather than the 
commercial stage. kk x 
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Oil Field Assembly 
are spaced at regular intervals, 


and the chain is adjusted for wear 


and elongation. In addition, you avoid new link replacements thus maintaining 
equal pitch in all the links. 


The combination of fixed shaft centers and Whitney adjustable length Riveted 
Chain provides dependable and economical operation. Write for complete 
specifications. 


THE WHITNEY CHAIN & MANUFACTURING CO., HARTFORD 2, CONN. 
lt pays to specify Whitney Chains 
Distributed by THE CONTINENTAL SUPPLY CO., DALLAS, TEXAS 


Conveniently Packaged 
for Protection pm | 
Easy Handling 





There are no long delays... 
no Cost-consuming production 
tie-ups for adjustments when you 
use Whitney Oil Field Assembly 
Chain. All you do is remove one 
or more of the offset links, which 
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Development of the air-cooled diesel engine* 


By J. C. HOIBY, Chief Engineer, D. W. Onan & Sons 


Trovcn the past decade there has 
been an increasing demand for small 
diese] engines of 24% to 15 hp capacity. 
The sale of engines to this market has 
been hampered by their high cost, heavy 
weight, and in some instances difficult 
starting. Provided that there were sound, 
economic reasons for the use of diesel 
engines in small sizes, it would appear 
that this market would justify the de- 
velopment and tool-up of a modern, low- 
cost, diesel engine. As manufacturers of 
electric generating sets, the field has 
been viewed in that light. A study con- 
ducted to determine the economic pos- 
sibilities of the diesel engine in this 
field revealed the following information. 

A small diesel engine applied to ap- 
plications where the service is short and 
intermittent and does not run high in 
total hours of yearly operation, cannot 
possibly equal the overall economy of a 
small gasoline engine. If the service of 
the engine is required for a consider- 
able number of hours each day and the 
total hours per year are high, the ap- 
plication is ideal. The diesel-driven elec- 
tric generating set falls into this appli- 
cation, as it is operated from 4 to 8 hr 
per day each day of the year. On this 
basis it is found that the advantages of 
the diesel engine, so far as cost is con- 
cerned, are of importance in the follow- 
ing order: 

1. The diesel engine will run at least 
double the number of hours of a gaso- 
line engine between periods of valve and 
combustion chamber maintenance. In 
these applications a small gasoline en- 
gine at constant speed suffers due to 
heavy deposits of lead and carbon com- 
pounds in the combustion chamber. 
Valve maintenance on the gasoline en- 
gine is greater due to the high exhaust 
valve temperature and the passage of 
solid lead compounds through the ex- 
haust valve. Spark plugs and breaker 
points used on gasoline engines require 
service two to four times oftener than 
injectors on diesels. 


2. Of secondary importance but sig- 
nificant, where the engine is operated a 
large number of hours per year, is the 
fuel cost. If 2000 hr per year is used as 
a criterion of total operation, the fuel 
cost of a diesel-powered generating set 
running at 5-kw output will require 
$131.40 in fuel per year. A generating 
set powered by a gasoline engine at this 
same output will require $375 in fuel 
per year. This is based on a cost of 9 
cents per gal for the fuel oil and 15 
cents per gal for the gasoline. This sav- 
ing in fuel cost will approximately pay 





_*Presented before Society of Automotive En- 
gineers, Tractor meeting, Milwaukee, Wiscon- 
sin, September 11 and 12, 1946. 
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the difference in cost between the gaso- 
line engine powered unit and a diesel- 
powered unit in the first year of opera- 
tion. In application in foreign countries 
these fuel savings may be very much 
greater where a gallon of gasoline fre- 
quently costs several times the price of 
a gallon of fuel oil. 


3. Aside from these economic rea- 
sons, there are special instances where 
the diesel engine is justified, such as 
high property insurance rates where the 
hazard of gasoline is present and where 
diesel fuel is already available for other 
engines such as are found in some ma- 
rine applications. 

The development engineering depart- 
ment of D. W. Onan and Sons has been 
engaged for many years in the design of 
smaller air and water-cooled engines. 
In comparing both of these types there 
seems to be no advantage in the water- 
cooled type if a satisfactory cylinder 
wall temperature can be obtained with 
the air-cooled engine. Development work 
has, therefore, been directed to the im- 
provement of fans, cylinder finning, 
foundry technique for making long, 
closely spaced fins and lubrication prob- 
lems. As gasoline engines manufactured 
by Onan are the “L” head type, the 
most serious cooling problem is to main- 
tain normal cylinder wall temperature 
adjacent to the exhaust port. The im- 
proved thermal efficiency of the diesel 
and the use of overhead valves simpli- 
fies this cooling problem. 

To meet market requirements a two- 
cylinder engine of 12 hp output at 1800 


rpm has been developed. The engine is 
of the air-cooled, opposed type, with a 
bore of 3% in. and a stroke of 31% in. 
This style of construction is inherently 
light in weight due to the short lengths 
of such parts as the crankshaft, cam- 
shaft, and crankcase. As the major parts 
of the engine are made of aluminum, 
this further contributes to light weight. 
The very short length of crankshaft 
lends itself to extreme rigidity and pro- 
vides better distribution of loads across 
the face of the bearings. Better balance 
and a smoother running engine is ob- 
tained because the reciprocating forces 
from the pistons balance each other. It 
would appear, therefore, considering 
balance and rigidity of parts, that the 
opposed construction is the most suit- 


able. 


The engine weighs 220 lb and its di- 
mensions are 1834 in. high, 2914 in. 
wide, and 24 in. long. 

Reference to Fig. 1 shows the con- 
ventional straight-forward layout of the 
engine as an opposed, two-cylinder, 
type. The crankcase and cylinders are 
cast integrally of aluminum alloy. The 
cylinder heads are cast-iron and contain 
a pre-combustion chamber, and except 
for cooling are of a rather common type. 
A 174% to 1 compression ratio is used. 
The prechamber volume, ratio of 55 
per cent, is a little higher than normal 
in other engines, which is probably due 
to the rather short stroke of the engine. 
The pre-combustion chamber is formed 
by a sleeve that is relieved on the out- 
side diameter to insulate it from the 


FIG. 1. Sectional view showing construction of conven- 
tional two-cylinder opposed, 12 hp, air-cooled diesel. 
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cooler cylinder head. A pintle type noz- 
zle is used to supply fuel to this cham- 
ber and individual high pressure injec- 
tion pumps are mounted on each side 
of the camshaft, which prevents a sym- 
metrical arrangement. Aluminum main 
and connecting rod bearings are em- 
ployed and are pressure lubricated by a 
gear type oil pump. The aluminum main 
bearings are of Alcoa X-750 alloy con- 
taining 7 per cent tin. Maximum main 
bearing pressure is 1150 psi. Wear on 
these bearings appears to be less than 
0.0003 in. per 1000 hr of operation. The 
crankshaft is a cast nickel alloy iron. 


Fig. 2 is a sectional view longitudi- 
nally through the engine. It illustrates 
the electric starter and cooling fan ar- 
ranged for use as a commercial engine. 
The electric starter is direct connected 
to the crankshaft and it performs the 
dual function of a motor for starting the 
engine and a generator for recharging 
the starting battery. A 12-volt starting 
system is used. Surrounding the genera- 
tor is a rotating axial flow fan that sup- 
plies cooling air to the cylinders. The 
axial flow fan is used as it will supply 
a larger amount of air at a higher static 
pressure than a centrifugal type fan and 
its housing for a given amount of space. 


In order to obtain satisfactory cool- 
ing an air volume of 550 cu ft per min 
is needed. This requires approximately 
0.4 hp for driving the axial fan. This 
type of fan presents an ideal mechanical 
arrangement in that it performs satis- 
factorily with a large hub that permits 
mounting the starter unit inside of it. 
A simple drawn sheet-metal air housing 
is used to direct the cooling air to the 
cylinders. This type of housing distrib- 
utes the air evenly to the cylinders and 
does not destroy the turbulence of the 
air stream, which aids the cooling. The 
cylinder and cylinder head heat losses 
are each equivalent to one-half the en- 
gine output. The exhaust gas heat loss 
is approximately one-third of the total 
energy input. It is inconvenient to pro- 
vide a large fin area on the cylinder head 
and for this reason it is necessary that 
more air be directed to it than to the 
cylinder. The cylinder also receives cool- 
ing by the oil thrown upon it by the lu- 
bricating system and by conduction to 
the aluminum crankcase. The piston 
rings and exhaust valve temperatures 
are the most critical and, therefore, these 
parts are given the greatest attention in 
designing the cooling system. 

Fig. 3 indicates the cylinder and head 
temperatures that are encountered in 
this engine. These temperatures, al- 


Annually the country’s installed die- 
sel horsepower consumes 24.25 mil- 
lion gallons lubricating oil, at a cost 
of about 50 cents per gallon. The an- 
nual lube bill for diesels is therefore 
estimated to be about $12 million. 
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FIG. 2. Sectional view longitudinally through the engine 
of direct connected starter and axial flow cooling fan. 
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FIG. 3. Cylinder and head temperatures at rated output. 


though higher than water-cooled en- 
gines, are within a satisfactory range of 
operation and are lower than high out- 
put aircraft engines where the cooling 
air pressure and velocity is much great- 
er than is obtainable on a small station- 
ary engine of this type. The integral con- 
struction of the cylinder and crankcase 
provides the effect of a finned muff 
around the shrunk-in cylinder liner. The 
use of an aluminum cylinder takes ad- 
vantage of the excellent heat conduc- 
tivity of this material. Longer fins are 
used at the outer end of the barrel to 
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increase the cooling surface. As it is 
essential that ring sticking be avoided, 
it is necessary that the cylinder tempera- 
ture be lower than the head temperature. 
Extra fins are provided around the in- 
jector nozzle to prevent cracking of the 
fuel before injection. 

Figs. 4 and 5 illustrate the condition 
of the piston anti-thrust and thrust side, 
respectively, after a 500-hr run at rated 
output. It is to be noted that the piston 
is of a rather short length to diameter 
ratio in line with the trend of the latest 
diesels and aircraft engines. A thick 
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piston head is used that provides an even 
temperature distribution across its sur- 
face. There has been no evidence of ex- 
cessive temperature where the blast 
from the combustion chamber orifice 
strikes the piston and there has been an 
absence of coked oil on the underside 
of the piston head. One oil control and 
three compression rings, and two scuff 
rings are provided. The bright condition 
of the scuff rings indicates they contact 
the cylinder wall and perform the func- 
tion of throttling the pressure and gas 
temperature before it reaches the top 
piston ring. All rings were free in the 


FIG. 4. Anti-thrust side. 


grooves after a test run of 500 hr dura- 
tion. 

It has been noted during engine test 
work that the piston clearance bears a 
more important relation to ring stick- 
ing on the diesel engine than it does on 
a gasoline engine. In air-cooled gasoline 
engines it is common to fit the piston 
quite loosely in the cylinder. Excessive 
piston clearance requires a higher op- 
erating temperature so that the piston 
will expand and take up the clearance 
to transmit its heat to the cylinder wall 
and fins. This higher operating tempera- 
ture will contribute to ring sticking. It 


FIG. 5. Thrust side of Fig. 4. 


Piston condition after 500-hr run at rated output 





FIG. 6. Opposed engine direct connected to 5 kw electric generator. 





is desirable to fit the piston with the 
minimum clearance that will avoid pis- 
ton seizure. 


Considerable attention has been given 
to the means of starting the engine as 
this is a problem on any diesel engine 
exposed to the wide temperature varia- 
tions that occur when used in a variety 
of service. It is also necessary in electric 
generator set applications that the en- 
gine can be started by remote control 
circuits or in other instances automat- 
ically by turning on a light. The engine 
will start satisfactorily at temperatures 
of 40 F. At temperatures lower than 
this, however, additional heat is re- 
quired. An electric grid type heating 
element is mounted as an integral part 
of each oil bath air cleaner, the induc- 
tion air passing through the air cleaner 
is preheated just before entrance to the 
combustion chamber. On an engine of 
this size with a 12-volt starting system. 
the requirement for current to turn the 
engine is rather small, and with the 
standard batteries available a consider- 
able amount of energy can be expended 
in preheating the induction air. At a 
cranking speed of 150 rpm the air de- 
mand of the engine is 1.46 cu ft per min. 
By application of 100 watts to this air 
the theoretical temperature rise of the 
air will be 200 F. Some of this heat is, 
of course, lost in passing through the 
induction port and in the cold combus- 
tion chamber; it is sufficient, however, to 
provide easy starting of the engine at 
0 F. The electric heating elements are 
connected in the starting circuit of the 
engine and are permanently connected 
so that the operator need not concern 
himself about switching them in or out 
of the circuit during warm or cold 
weather. 


A decompression solenoid is provided 
on each cylinder head to reduce the in- 
itial cranking torque. The solenoid 
plunger engages with the exhaust valve 
rocker arm to hold the exhaust valve 
open whenever the speed is less than 
150 rpm. The solenoid is automatically 
operated by the cranking speed of the 
engine. It serves the additional func- 
tion of stopping the engine by remote 
control or automatic means. 


Fig. 6 illustrates the engine direct 
connected to an alternating current gen- 
erator. In this case the exciter winding 
of the alternator serves as a cranking 
motor and a starter mounted in the fan 
wheel is not required. The unit is flex- 
ibly rubber mounted to avoid transmis- 
sion of shock to its mounting base. A 
three-wire control circuit is provided for 
starting and stopping the engine re- 
motely. 

It is expected that there will be a fu- 
ture trend to the use of the air-cooled 
type of engine in ratings up to 30 hp 
due to its lower cost, lighter weight, and 
simplicity of manufacture. This in turn 
will result in the increased use of the 
opposed design as it lends itself espe- 
cially well to air-cooling and is inher- 
ently well balanced. k* * 
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Powered by a MURPHY DIESEL ME-66, 6-cyl., 6x 6%", 150 
HP continuous, 180 HP intermittent, this Wheatley Plunger- 
Type Pump (85 strokes per minute) is pumping 300 barrels 
per hour for Texas Empire Pipe Line Co., Hayworth, Illinois. 








Powered for Big 
Capacity Pumping 


When you've got good equipment powered 
by MURPHY DIESEL, that’s a team that 
can’t be beat. MURPHY DIESELS have 
proved to oil men that these rugged, depend- 
able engines get more work done, at low 
cost, for more years, at better profit. Whether 








it’s pumping, drilling, or other heavy oil- See your nearest MURPHY DIESEL Dealer or write for bulletin. 
field work you want done, keep reliable, MURPHY DIESEL C OMPANY 
compact, heavy-duty MURPHY DIESELS 5343 West Burnham Street, Milwaukee 14, Wisconsin 


teamed up to good equipment for big results. Tulsa Branch: 416 South Detroit Avenue, Tulsa 3, Oklahoma 






DIESEL ENGINES: 90 HP TO 215 HP GENERATOR SETS: 60 KW TO 115 KW 
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BIBLIOGRAPHY 


Classified list of important papers given during preceding year. 


Tue classified bibliogaphy is a new feature of The Petroleum 
Engineer Reference Annual and is presented at the suggestion 
of readers who wish to have an up-to-date compilation of papers 
and their source. The bibliography will be published in each 
Reference Annual, so that in time it will become a complete 
collection of modern source references pertaining to petroleum 
industry practice. 

The list includes papers given before meetings of technical 
societies, trade organizations, and other groups. What is be- 
lieved to be the original source is given for each item: The name 
of the organization before which the paper was presented; the 
place and date of meeting. 


KEY TO ORGANIZATION NAMES 


AAODC—American Association of Oilwell Drilling Contractors. 
AAPG—American Association of Petroleum Geologists. 
ACS—American Chemical Society. 

AGA—American Gas Association 
AIME—American Institute of Mining and Metallurgical Engineers. 
API—American Petroleum Institute. 
ASME—American Society +" Mechanical Engineers. 
ASM—American Society for Metals. 

AST M—American Society for Testing Materials. 
CNGA—California Natural Gasoline Association. 
IIT—Illinois Institute of Technology. 
IPAA—Independent Petroleum Association of America. 
Oil Compact—Interstate Oil Compact Commission. 
NACE—National Association of Corrosion Engineers. 
NPA—National Petroleum Association. 
NGAA—Natural Gasoline Association of America. 
N. Tex. O&GA——North Texas Oil and Gas Association. 
PEPA—Petroleum Electric Power Association. 
PGCOA—Pennsylvania Grade Crude Oil Association. 
Rocky Mt. O&GA—Rocky Mountain Oil and Gas Association. 
SAE—Society of Automotive Engineers, 
SEG—Society my Ex 7 eee Geopbysicists, 
on ten conomic Paleontologists and Mineralogists. 


GM—Sout: cae Gas Measurement Short Course. 
WPRALW esters Petroleum Refiners Association. 
GENERAL 
Preparation of Substituted Silicon Acetates, H. A. Schuyten, J. W. Weaver, & 


i Davis Reid, ACS, regional +. _ Dallas, Texas, Dec 12-13, 46. 
Radiography in the Oil Industry, J. H. Stewart, ACS, regional meeting, Dal- 
las, Texas, Dec. 12-13, 46. 
Study “of the Photochemical Decomposition of agg senor Ss. Pm Hastings 
& F. A. Matsen, ACS, regional meeting, Dallas, Texas, Dec. 12-13, 4 
Research—An Industrial ‘‘Must,’’ E. urphree, AGA, annual meeting, 
Atlantic City, N. J., Oct. 7-11, = 
Selling Natural Gas in bar agg J.H 
City, N, J., Oct. 7-11 
Recent Developments in Natura ¢ Gas Reon Ge Chas. I. Francis, AGA, an- 
nual meeting, Atlantic City, N. et 7 
Economic Production oa Gas Loads ym E. é. ~~ AGA, annual meet- 
ing, Atlantic City, -, Oct. 7-11, 46. 
Oxygen in Liquid = earth Steel (Parts 2 & 3), 
Larsen, AIME, Iron & Steel Div., Atlantic Gy. WN 
Transformation of Austenite in an Aluminum-Chromium- olybdenum Steel, 
R. Grange, Py S. Hole & E. T. Tkac, AIME, Iron & Steel Div., 
Atlantic City, N. J.. Nov 46. 
Phase Relations of Hydrocarbon-Water nm. John J; natn, Je., 
Donald L. Katz, AIME, ——— Texas, Oct. 3-5, 
Cathodic se u~ of Steel Tank Bottoms A the Ue of Magnesium 
Anodes, J. R. James & R. L. Featherly, AIME, Galveston, Oct 3-5 46. 
Petroleum and Natural Gas—Uses & Possible Re; lacements, Robert E. Wil- 
son & J. K. Roberts, AIME annual meeting, New York, Mar 17-22, 47. 
es a of World Petroleum Production Tmnde, Warren s Baker & 
L Logan, AIME annual meeting, New York, Mar 17- 22, 

International Aspects of the Petroleum Industry of the Future, Si William 
Fraser, AIME annual meeting, ~~ York, Mar 17-22, 47. 

Austenite Grain Size in Cast Steels, M. F. Hawkes, AIME annual meeting, 
New York, Mar 17-22, 47. 

New Method for making Rapid and Accurate Estimates of Grain Size, F. C. 
Hull, AIME annual meting, New York, Mar 17-22, 47. 

Comparative Data in Operation of Diesel and Butane Fuel Motors, A, C. But- 
terworth, AIME annual meeting, New York, Mar 17-22, 47. 

Izod Impact Strength of Heat-treated Alloy Steel, Walter wo &_. John 

Lamont, AIME, annual meeting, New York, Mar 17-22, 

Diffusion Rates for Carbon i in Austenite, F. E. Harris, AIME acd meeting, 
New York, Mar 17-22, 47 

Stress Rupture of Heat-resisting Alloys as a Rate Process, E. S. Machlin & 
A. S. Nowick, AIME annual meeting, New York, Mar 17-22, 47. 

Influence of Plastic Deformation Stress System, and Low Temperature on 
the Tensile Breaking Stress of Ferritic Steels, D. J. McAdam, Jr., G. W 
Geil & R. W’. Mebs, AIME annual meeting, New York, Mar 17-22, 47. 

Effect of Prior Tensile Strain on Fracture, E wW. Saibel, AIME annual meet- 
ing, New York, Mar 17-22, 47. 

Our Auxiliary Petroleum 2g H. H. Power, AIME joint section meeting, 
Austin, Texas, Dec 18-19, 

What Management Expects Ae an cognes. A. C. Rubel, AIME joint section 
meeting, Austin, Texas, Dec 18-19, 

What Engineers Expect of Management, Ernest K. Parks, AIME joint section 
meeting, Austin, Texas, Dec 18-19, 4 

Gas Conservation—a General Plan, Wm. G. Gill, AIME joint section meet- 

‘ ink, Austin, Texas, ~~ 18-19, 46. 

lar 


. Gumz, AGA, annual meeting, Atlantic 


. E. Brower & B. M. 
-, Nov 46, 


Oil Experts, E. L 
exas, Dec 18-19, 46. 
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. DeGolyer, AIME joint section meeting, Austin, 


anges in the sonufostate of Steel Pipe With Particular Reference to 

weg ie a . N. Sanders, AIME joint section meeting, Austin, Texas, 
ec , 

Source and Purification of Water Supply, George W. egg and A. R. 
Ellenberger, API spring meeting, Pittsburgh, June 13-14, 4 

Oil Economics, H. M. McClure, A i Spring meet, Pittsburgh, a 13-14, 46. 

— Forward in Oil, Eugene Holman, API annual meeting, Chicago, 

ov 

Factors Influencing the Leakage Resistance of Threaded Pipe Joints, E. N. 
Kemler, API annual meeting, Chicago, Nov 14, 46 

Looking Ahead, Ralph T, Zook, API annual meeting, Chicago, Nov 14, 46. 

Looking Forward in Oil—World. View, J. Howard Pew, API Annual Meeting, 
Chicago, Nov 14, 46. 

Petroleum and Modern Farming, Arthur W. Turner, API annual meeting, 
Chicago, Nov 14, 4 

Relationship of Free Encey wise to Modern Traffic Facilities, L. S. Wescoat, 
API annual meeting, Chicago, Nov 14, 46. 

Natural Gas Act and Oil and Gas Producer, Wallace Hawkins, API spring 
meeting, Fort Worth, Texas, Mar 27-28, 47. 

Progress Report on Your Public Relations Problems, a C. Champlin, 
API spring meeting, Fort Worth, Texas, Mar 27-28, 47. 

Some Economic Factors Affecting the Natural Gas om Fe of the Fre 
Region, Alden Foster, API spring meeting, Pittsburgh, Apr 1 
Potential Natural Gas Market of the East, James E. Pew, API nth Satie. 

Pittsburgh, Apr 16-18, 

National Oil Policy and 4 Fitect on the Domestic a Industry, B. A. 
Hardey, API spring meeting, Pittsburgh, Apr 16-18 

Organization Elements: Their Relation to Oil and Cae Nectades . oo 

E. Toussaint, API spring meeting, Los Angeles, May 15-16, 

Public Good Will and the so Producer, John M. Lovejoy, API alte meet- 
ing, Los Angeles, May 1 

America’s Position in Europe, Manchester Boddy, API spring meeting, Los 
Angeles, May 15-16, 47. 

Petroleum Industry’s Public Relations Program, Don E. Gilman, API spring 
meeting, Amarillo, Texas, May 22-23, 47 

Uncontrollability Factors in Boiler Operation, Jos. A. rn ASME, 
Instruments & Regulators Div., Pittsbrugh, at 16-18 

Positive Meter as a Flow-Rate Control Device, E. W. a Rl ASME, In- 
Instruments & Regulators Div., Pittsburgh, Sept. 16-18, 46. 

Extension of Rotameter Theor a and Its APP plication in New Practical 
Fields, Victor P. Head, ASME, Inst & Reg Div, Pittsburgh, Sept 16-18, 46. 

Nozzle Flow Characteristics in Pneumatic Force-Balance Circuits, David B. 
Kirk, ASME, Instruments & Regulators Div., Pittsburgh, Se obey 16-18, 46. 

Graphic ™ resentation and Analysis of Automatic Control 3 = 

orn, ASME, Instruments & Regulators Div., Pittsburgh, Sept 16 16- 18, 

Functional Analysis of Measurement Apparatus, H. ickenson, ASM, 
Instruments Regulators Div., Pittsburgh, _ 16- 18, 46. 

Stability of Steels at Elevated Temperature, A Wilder & 5.2: ‘iasote 

ASME, New York, Dec 46. 

Lubrication Problems’ of Internal Combustion Engines—Today, J. Musser 
Miller, ASME semi-annual meeting, June 17-20, 46. 

a Tests of Welding Elbows and omparable Double-Mitre Bends, A. 

C. Markl, ASME wnd§ meeting, Tulsa, Okla., Mar 2-5, 47. 

A Method for Testing and Studying the “a of Operation of Centrifugal 
Boiler Feed Pumps, A. —" and E, 
ing, Tulsa, Okla., Mar ; 4, 

Oil Filter Testing, W. J. E A at eh ASME spring meet, o's Mar 2-5, 47. 

Fabrication Notes on Corrosion Resistant Alloys, J. C. Holmberg, ASME 
spring mecting, Tulsa, Okla., Mar 2-5, 47. 

Gas Turbine Combustion, E. P. Walsh & D. W. Pouchot, ASME spring 
meeting, Tulsa, Okla, Mar 2-5, 4 

Operating Experience With 7a “amps, Philip Sporn, ASME spring meet- 
ing, Tulsa, Okla., Mar 2-5, 

Steam Jet Refrigeration for _ Air, Gas & “ oe. P. H. 
Knowlton, ASME spring meeting, Tulsa, aoe Mar 2-5, 

Modern Filtration and Purification Methods, ”’ Steel, ASME Nat’] Con- 


ference, Oct 7-9, = 

Centrifugal Purification, C. W. Bryden, ASME Nat’! Conference, a 7-9, 46. 

Gravity and Pressure Git Filters, heir Uses and Applications, E. M. May, 
ASME, Nat’l Conference, Oct 7-9, 46. 

Low Temperature Impact Properties of Some Cast Steels, H. D. Churchill, 
ASME Nat’l Conference, Oct 7-9, 46. 

Turbines for Natural-Gas Expansion, Stephen Bencze, ASME Nat’l Con- 
ference, Oct 7-9, 46. 

Motion and Time Study Application to Petroleum Production, H. G. Thue- 
sen, ASME Nat’! Conference, Oct 7-9, 46. 

Cavitation in Pumps, B. R. Walsh, ASME Nat’l Conference, Oct 7-9, 46. 

Visual Demonstration of oR ae ms as Viewed by Stroboscope, B. R. Walsh, 
ASME Nat’! Conference, Oct 7-9, 46. 

New Developments in Compressors for Petroleum Ly ered Applications, 
J. N. Mackendrick, ASME Nat’l Conference, Oct 7-9, 

A Study of the Corrosion of Copper age Condenser Tabes N. W. Mitchell, 
ASME Nat’l Conference, Oct 7-9, 

~~ eres Design, D. E. Fields, ASME Nat’l Conference, Tulsa, Okla., 

ct 7- 

Tube ——- Study, M. Q. Colton, ASME Nat’l Conference, Tulsa, Okla., 
ASME Nat'l Conference, Oct 7-9, 46. 

Use of Stellite and Other High Alloyed Materials to Combat Corrosion and 
Abrasion in the Petroleum _— C. G. Chisholm, ASME Nat’l Con- 
ference, Tulsa, Okla., Oct 7-9, 

Wear Resistance of Gray Irons, F. res ide ASME Naf! Conference, Tulsa, 
Okla., Oct 7-9, 46. 

Relief Valves, Their Function & Maintenance, John Gieseke, ASME Nat’! 
Conference, Tulsa, Okla, Oct 7-9, 46. 

Desirable Characteristics of Coating’ Liquids for Rotating Screen & Panel 
Type Air Filters, G. E. Cunningham, ASME Nat’l Conference, Tulsa, 
Okla., Oct 7-9, 46. 

Notched Bar Impact te og of Some Nickel Steels After One Year Ex- 
posure to _—— Nitrogen, T. N. ed & A. J. Miller, ASME Nat’! 
Conference, Tulsa, Okla., Oct 7- 9, °46. 

Some Notes on the Use a Free Machining Steels in Connection With 
Petroleum Equipment, M. E. Holmberg & F. Prange, ASME Nat’! Con- 
ference, Tulsa, Okla., Oct 7- 9, 46. 


: a 


M. Spencer, ASME spring meet- 
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Trouble-saver on refinery piping jobs 
eeethe complete CRANE line 


Here’s a sure way to simplify every step of a piping job... 
just call on Crane for a// your piping materials. 
Getting everything from Crane means smooth proce- 
coOF ‘SUPPLY dures all the way through—in designing, specifying, buy- 
fe eee % ing, installation, and maintenance. Because by standard- 
- | RESPONSIBILITY izing on the Crane line, you get this 3-way advantage: 
STA DARD F QUALITY ONE SOURCE OF SUPPLY offers you the world’s largest selec- 
Ve eG eee) tion of valves, fittings, pipe, accessories, and fabricated 
piping for all power, process, and general service applica- 
tions. One order fills all your needs for the job. 
ONE RESPONSIBILITY for all piping materials helps you to 
get the best installation and to avoid any needless delays 
on the job. 
OUTSTANDING QUALITY in every item means the utmost in 
uniform dependability in every part throughout the piping 
system. 


CRANE CO., 836 S. Michigan Avenue, Chicago 5, Illinois 
Branches and Wholesalers Serving All Industrial Areas 
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VALVES 


























Piping to 
Hydrofluoric 
Alkylation 
Unit 











(Right) SAFE CONTROL FOR HY- 
DROFLUORIC ACID—For exceptional 
corrosion resistance in a wide range 
of working conditions... for newest 
developments in safety features... 
specify Crane Monel Metal trimmed 
steel valves designed specially for H. F. 
alkylation service. In gate and globe 
patterns with screwed or flanged ends; 
sizes up to 2-in. Ask your Crane Man 
or write for bulletin AD-1622, giving 
service recommendations. 























| FOR EVERY PIPING SYSTEM 
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Charging Fluids for Electrostatic Air —. C. A. Ellwood, ASME, Nat’! 
Conference, Tulsa, Okla., Oct 7-9, 4 

Combating Fatigue Failures, J. §° Buy ASM Congress & Exposition, Oak- 
land, aes March 24-27, 47. 

Recent Deve opments in Magnesium Alloys, Dr. J. + ce ASM 
Congress & a Dawe Calif. “March 427, 4 Ze 

Corrosion of Metals, Dr. McKay, ASM Congress & Exposition, Oak- 
land, Calif., — 5437 i 

Protective Coatings, R. burns, ASM Congress & Exposition, Oakland, 

os § March 24-27 ri 

Metho for yg ag Failure > ‘ome P. E. Cavanagh, ASTM annual meet- 
ing, Buffalo, N 

Increasing Diesel ET dy = Diesel Fuel Supply, Robert H. Morse, Jr., 
ASTM Forum, Chicago, Nov 13, 46. 

Diesel Engine - Burner Distillate’ Fuels, John C. Day, ASTM Forum, Chi- 
cago, Nov 13, 

Report of Committee D2 on Petroleum Products and Lubricants, ASTM 
Forum, Mar 47. 

ee of Magnetic Flaw Detector, Carlton H. Hastings, ASTM Forum, 
iMiar . 

o— wy age ve Significance, C. G. A. Rosen, IIT Midwest Powers 


eg Chicago, A 

nouns evelopments = Electronic Control, W. D. Cockrell, IIT Midwest 
Powers Conf., Chicago, Apr 4 \ 

Recent Gas Turbine eo at Brown Boveri, Paul R. Sidler, IIT 
Midwest Powers Conf., Chicago, Apr 47. 

Effect of War on Our Domestic Petroleum Reserves, James V. Brown, 
IPAA annual meeting, Fort Worth, Texas, Oct 28-30, 46. 

Effective Cooperation of Associations of Oil and Gas Producers, H. B. Fell, 
IPAA annual meeting, F ~ _——_ Texas, Oct 28-30, 46. 

Management’s Stake in Freed liom, Edwin Venard, IPAA annual meeting, 
Fort Worth, Texas, Ours 28-30, rr 

Military Viewpoint, on Petroleum ‘Supply, Col. G. H. Vogel, IPAA annual 
meeting, Fort Worth, Texas, Oct 28- 

Oxidation—Resistant Alloys, Benjamin Lustman, IPAA annual meeting, Fort 
Worth, Oct 28-30, 4 

Known and Potential Sources of Supply of Petroleum in the U. S., James 
V. Howell, IPAA annual meeting, Fort Worth, Texas, yd Ob-50° 46. 

Intrinsic Value of Natural Gas—A National Asset, Dr. Frank H. Dotter- 
weich, IPAA annual meeting, Fort Worth, Texas "Oct 28-30, 46. 

Worldwide Petroleum Supply and Demand, H . Ww. Page, IPAA midyear 
meeting, Jackson, Miss, May 8-9 

History ‘Oil Development in ‘Ne oem, Clyde Alexander, IPAA 
midyear meeting, Jackson, Miss, May 8-9, 

Reserves, Availability and Conservation of on’ & Gas in the te 
States, Alec Crowell, IPAA oe ty Jackson, Miss, 

Economic Value Oil and Gas to oe & . D. Kenna, IPA pe 
meeting, Jackson, Miss, May 8-9, 4 

Elements of a Sound National Oil & Ga ‘Policy, Sganege Jos. C. O’Mahoney, 
IPAA midyeas meeting, Jackson, Miss, May 8-9, 4 

Oil Industry Public Relations, Keeton Arnett, IPAA fahee meeting, Jack- 
son, Miss, May 8-9, 47. 

Proposed Amendment to the Natural Gas Act, Russell B. Brown, IPAA mid- 
year meeting, Jackson, Miss, May 8-9, 47. 

Current Problems of the Natural Gas ‘Industry, N. C. McGowan, IPAA 
midyear came BY sr ay Miss, Ma 

Oil and Reciprocal Trade oes, mi "hae Lee Coulter, IPAA midyear 
meeting, Jackson, Miss, 8-9, 4 

Foreign Oil Trends and the ated "Petroleum a inte, Minor S. Jame- 
son, IPAA midyear meeting, Jackson, Miss, May 8-9, 

Import Policy Is Part of National Oil & Gas Policy, Hirota B. Fell, IPAA 
midyear meeting, Jackson, Miss, May 8-9 

Foreign Oil—Developments, . £ , Supply, L. F. McCollum, IPAA 
midyear meeting, Jackson, an 

Forecast for Oil in 1947, Ernest O 
ing, Dallas, Texas, Dec 46. 

Oil and Gas Conservation as an Incentive for Development, Gov. Beau- 
ford H. Jester, Oil Compact, Birmingham, Ala, Apr 25, 

An Experiment in the Underground Gasification of Fens at the. Gorgas Mine 
of Alspame Power Co., Milton H. Fies, Oil Compact, Birmingham, Ala., 
Apr 

Use 4 Inhibitors in Corrosion > aes Norman Hackerman, NACE annual 
meeting, Chicago, Apr 7-10, 

—-> we Alloys, , T. Gow, NACE annual meeting, Chi- 
cago, r 

Thermogalvanic © a R. M. Buffington, NACE annual meeting, Chi- 
cago, Apr 7-10, 47. 

Non- a Methods of Determining Metal Plate Thickness, J. G. Ker- 
ley (B. G, Crane), NACE annual meeting, Chicago, Apr 7-10, 47. 

Guide to Selecting Corrosion-Resistant We L. G. Vande Bogart, 
NACE annual meeting, egy on? -10, 47. 

Aluminum Galvanic Pag t. Py Hoxeng & R. Brown; Pt. 
Ellis Verink, R. A. Hoxeng & YY ir Brown, NACE anil meeting, Chi. 
cago, Apr 7-10, 47. 

Silicates for Corrosion Inhibition in the = ~~. Alan C. Nelson, 
NACE annual meeting, Chicago, Apr 7-10, 47. 

E i of Carbide Structure on Corrosion Resistance of Steel, R. W. Manuel, 

ACE annual meeting, Chicago, Apr 3 7. 

A aq Saieape to the ae mgineer, H. H. Anderson, NACE annual 
meeting, Chicago, Apr 7-10, 47. 

On the Other ang of the Fence, Tom L. Holcombe, NACE annual meeting, 
Chicago, Apr 7-10, 47. 

Corrosion Problems in Communications and Radio Equipment Design, L. P. 
Morris, NACE annual meeting, Chicago, Apr 7-10 

Sale as a Medium of Corrosion of ne Cables, A. G. Andrews. 
NACE annual meeting, Chicago, Apr 7-10, 47. 

Attenuation of Drainage _. on a Long Uniform Structure With Dis- 
yg A —_. . Standring, NACE annual meeting, Chicago, 

pr 

Electrochemical Factors in Underground Corrosion of fond Yo? Sheath, 

G. Albano, NACE annual meeting, Chic :* Apr 7-10 

me.:%.. Report on Lubricants Projects in A.S. ae So “a NPA 
annual meeting, Atlanctic City, N. J., Sept 18, Mb. 

Social and Economic Values Arising from idespread, Abundant Availabil- 
he of Nod. Sepe os John D. Gill, NPA annual meeting, Atlantic 

ity é 

Collective Bar, Bw Dicttee in the Petroleum Indust 
Jos. L. Miller, NPA annual a! fa City, Np 

New Times and Old ey — 
Atlantic City, N. J., Sept 18 

Activities of the Oil & Gas Division, a W. Ball, NPA semiannual meet- 
ing, Cleveland, Obio, Apr 17-18 

Public Opinion and the Future of hy Oil Business, Jake L. Hamon, NGAA 
annual’ meeting, Dallas, Texas, Apr 17-19, 47. 

Newer Electric Power Equi t for the Oil Industry, B. N. Brown, PEPA 
annual meeting, Tulsa, Okla., Dec 3-4, 46. 
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~~ Oil Compact winter meet- 


Stil i & 
a7 18, 
Markham, NP. ‘annual re 





Trends in — ue Concenatine and Quality Chaggengrinnion of > Botsotoum 
Fuels, day R. E. Albright, T. Apjohn, - Miller, 
NGAA pre meeting, Dallas, Texas, Apr ins, 47. 

Legislative Problems, by States, Facing the Oil Industry, (H. H. Healey, 
Chairman, Legal & Legislative Committee), Rocky Mt. O&G annual 
meeting, Denver, Colo., Nov 21-23, 46. 

How Economics of the Oil a ag Affect the Economics of the Country, 
— ‘ 5 -~ cme Rocky Mt. OGG annual meeting, Denver, Colo., 

OV. ale. 

Development Of the Air-Cooled Diesel Engine, J. C. Hoiby, SAE annual 
meeting, Denver, Colo., Nov 21-23, 46. 

Large Capacity Displacement Meters, A. F. Benson, SWGM< short course, 
Norman, Okla., May 6-8, 47. 

Pressure Boosting Regulators for High and Intermediate Pressure Systems, 
- O, Jones, SW GM short course, Norman, Okla., May 6-8, 47. 
Problems in Gas Measurement at Extremely High Pressures, K. C. Reed & 

ul Cunningham, SWGM< sbort course, Norman, Lg May 6-8, 47. 

Cnnnadien and Maintenance of Orifice anaee A. H. Hathaway, SWGM 
short course, Norman, om, Se, 6-8, 47. 

Gas Accounting—Wet Gas, K R. Tibbetts, SWGM « short course, Norman, 
Okla., May 6-8, 47. 

Operation of Flow’ a. L. S. Reid, SWGM short course, Norman, 
Oklaboma, May 

Orifice Meters, J. L oo SWGM< short course, Norman, Okla., May 


6-8, 1947. 
Methods of Pilot Loading Sooo, G. Blanchard Smith, SWGM sbort 
course, Norman, Okla., May 6-8, 47. 
Calculation of ro Charts, R. W. "Howard, SWGM « short course, Norman, 
Okla., May 6-8, 4 
yoy Po Instruments, J. F. Bailey, SWGM short course, Norman, Okla., 
Low Bam Sig Regulators, J. E. Gesner, SWGM short course, Norman, 
Okla., May 6-8, 
Large Capacity Displacement ye - R. McLaughlin, SWGM short 
course, Norman, Okla., May 6-8, 4 
High eg 4 7 < e C.B go SWGM « short course, Norman, 
Boos -O» 
Functions of Field Meters Men, A. L. Bristow, SW GM short course, Norman, 
Okla., May 6-8, 47. 
Practical Meter and Regulator Station Design, Pat,H. Miller, SW¥GM sbort 
course, May 6-8, 
ig Operated Rewulators, Dean Bruce, SY GM short course, Norman, Okla., 
ay 6-8, 
er Gas Laws, E. F. Dawson, SW GM short course, Norman, Okla., 
May 
Fundamental Principles of Re paleo, © Kenneth R. D. Wolfe, SW GM sbort 
course, Norman, Okla., Ae 
Orifice Meters, A. F. Benson, Wem ss course, Norman, Ma hay 47. 
Orifice Meters, a las ne, SWGM short course, Norman, y 6 8, 47. 
~~ ara a Regulators, H. J. Evans, SY GM « short course, - Aon Okla., 
a Oy 
High | eee Regulators, D. D. Collins & H. J. Evans, SY GM short course, 
Norman, Okla., May 6-8, 47. 
Prevention of Freezing in "Measuring & Re ge Rainer Sidney H. 
Smith, Jr., S/GM short course, , 47. 
District Regulators and Load —_ 4. OF! fang ay Jt., ” SWGM sbort 
course, Norman, UOkla., May 6-8, 47. 
Operation of vt agg Calorimeter, G. M. Arnold, SWGM short course, 
Norman, Okla., May 6-8, 47. 
Remote Measurement and Control, J. N. Stewart, SW GM sbort course, Nor- 
man, Okla., May 6-8, 47. 
ae > Capacity ty Displacement Meters, H. V. Beck, SWGM short course, Nor- 
ay 6-8 
—- {ey Displacement Meters, O. W. ry - W. R. McLaughlin, 
S M short course, Norman, i ae 6-8, 4 
Medium at Low Pressure Dike Men 6 vans & 5 E. B. Lundy, SVGM 
short course, jVorentee Okla., May 6-8 
. Spink, SWGM . ig course, Norman, Okla., May 
, 


Gas Laws and Their Use in Measurement, E. F. Dawson, SY GM short course, 
Norman, Okla., May 6-8, 47. 

Gravity Balance and Gravitometer, H. F. Goodenough, SWGM sbort course, 
Norman, Okla., May 6-8, 47. 

Determination of Water Vapor in + om Gas, T. G. Craig, SW GM sbort 
course, Norman, Okla., May 6-8, 4 

_ oy oon j. Be ‘ll SWGM short course, Norman, 

“—s - 

Time- te Ma Booster Dist. Regulators, P. A. Elfers, SWGM sbort 
course, Norman, Okla., May ° 

Determination and Application of. Supercompressibility Factors, E, N. Arm- 
strong, SWGM short course, Norman, Okla., May 

Fundamental Principles of Orifice Meters, A. F. Benson, s WGM short course, 
Norman, Okla., May 6-8, 47. 

Fundamental Principles of ge Yr Meters, E. R. Gilmore, SV GM 
short course, Norman, Okla., o Galea 

Operation of Orifice Meter Chart. alculacor, J. L. Cottrell, SVGM short 
course, Norman, Okla., ~; &. 

Operation and Maintenance - re Raymond P. Lofink, SW GM sbort 
course, Norman, Okla., May 

Auxiliary Measuring Devices, W. H ne & Douglas Kramer, SY GM 
short course, Norman, Okla., Ma 

—<—. Hints on Installation and Speration of — W. O. Jones, 

WGM sbort course, Norman, O re May 6-8, 

Reducing the Effect of Pulsation on Gas Measurement, Foster M. Stephens, 
SWGM « short course, Norman, Okla., May 6-8, 4 

Low Pressure — H. DD. Meuffels, Sen short course, Norman, 
Okla., May 6-8, 4 

Principles of pam Control, Evan A. Thomas, SWGM sbort course, 
Norman, Okla., May 6-8, 47. 

Gas Regulation and Blending, A. J. Hanssen, SWGM short course, Nor- 
man, Okla., May 6-8, 

100 Years of Public Relations for Oil, Ralph C. Champlin, WPRA annual 
meeting, San Antonio, Texas, Mar 34. 6, 47. 

Petroleum and Natural Gas—Uses and Possible ye eee ge R, E. Wilson 
& Roberts, WPRA annual meeting, San Antonio, Mar 24-26, 47. 

Corrosion Tests, John A. Bolt, Standard Oil Co. (Ind) joint 

technical meeting, French Lick, Ind., May 5-9, 47. 

Dual Fuel Engine, a Lefebvre, American Public Power Assn., Cleve- 
land, Obio, May 22, 

Economic toe Es dag and Problems for the Post- eye Period, 
Murray Shields, Controllers’ Congress, Chicago, Ill., June 19, 46. 

Development of Natural Resources the Contribution of the Petroleum Indus- 
try to Resource os Joseph E. Pogue, Princeton University 
Bicentennial, Oct 2 

Significance of pt Bang in a Modern World, Dr. Gustav yimibee peigwee 
Forum Gen'l Electric Co., Sta. WGyY, Schenectady, NN. ¥ 


Orifice Meters, L 


Copper Stri 
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Application of L-P Gas Plants to the Gas Utility Problems, Warren C. Meyer, 
Gas Meters Assn. of Florida-Georgia, Boca Raton, Fla., Apr 26, 47, 
Adequacy of Domestic Petroleum Supply, H. H. Hill, U. S. Chamber of 
ommerce annual meeting, May I, 47. 
Effect of Imports on the Domestic Petroleum Supply, Merle Becker, U. S. 
Chamber of Commerce annual meeting, Ma 47 


Challenge We Face in Peacetime, Hallanan, PGCOA, Pittsburgh, 
Penn., June 5, 47. 


EXPLORATION AND PROSPECTING 


Review of Geophysical Prospecting Methods, Devices and Procedures, C. » 
Dresbach & Paul Weaver, AIME, Galveston, Texas, meeting, Oct. 3-5, 46. 

Geothermal Gradients in Mid-Continent and Gulf Coast Oil Fields, Earl A. 
Nichols, AIME, Galveston, Texas, meeting, Oct. 3-5, 46. 

Pseudo Shoreline of the Repetto Formation, Manley L. Natland, AAPG, an- 
nual meeting, Los Angeles, Mar. 24-27, 47. 

Submarine Geology of Southern California, Kenneth O. Emery, AAPG, an- 
nual meeting, Los Angeles, Mar. 24-27, 47. 

Whither Exploration, J. J. Jakosky, AAPG, annual meeting, Los Angeles, 
Mar. 24-27, 47. ; : 

Environmental Condition During Deposition of Several Formations in the 
Ancient Gulf of Mexico, F. W. Rolshausen, AAPG, annual meeting, Los 
Angeles, Mar. 24-27, 47. 

Geological Masks and Prejudices, E. B. Noble, AAPG, annual meeting, Los 
Angeles, Mar, 24-27, 47. 

Highlights of Domestic Developments in 1946, K. C. Heald, AAPG, annual 
meeting, Los Angeles, Mar. 24-27, 47. 

Highlights of Foreign Development in 1946, L. G. Weeks, AAPG, annual 
meeting, Los Angeles, Mar. 24-27, 47. : 

Paleogeoligic Setting for Oil Accumulation in California, Harold W. Hoots, 
AAPG, annual meeting Los Angeles, Mar. 24-27, 47. 
Origin and Evolution of the Los Angeles Basin, H. L. Driver, AAPG, annual 
meeting, Los Angeles, Mar. 24-27, 47. . 
Geologic Development of the Ventura Basin and Its Petroleum Deposits, 
Thomas L. Bailey, AAPG, annual meeting, Los Angeles, Mar. 24-27, 47. 
Genesis and Evolution Through the Tertiary of the Interior Valley Basin of 
— Glenn C. Ferguson, AAPG, annual meeting, Los Angeles, Mar. 
24-27, 47. 

Oil and Gas Prospects of het gy og & Oregon, Hampton Smith, AAPG, 
annual meeting, Los Angeles, Mar. 24-27, 47. 

Oil & Gas Prospects of Washington & Oregon, Hampton Smith, AAPG, an- 
nual meeting, Los Angeles, Mar. 24-27, 47. 

Geologic Framework of the Pacific Region, Walter H. Bucher, AAPG, annual 
meeting, Los Angeles, Mar. 24-27, 47. 

Geological Sketch of the Japanese Islands, Chas. W. Chesterman, AAPG, an- 
nual meeting, Los Angeles, Mar. 24-27, 47. 

Petroleum Production & Resources of Japan, David Cerkel & J. L. Williams, 
AAPG, annual meeting, Los Angeles, Mar. 24-27, 47. 

Seismic Exploration in Sumatra, O. F. Van Beveren, AAPG, annual meeting, 
Mar. 24-27, 47. 

Subsurface Exploration of Bikini Atoll by the Seismic Refraction Method, Mil- 
ton B. Dobrin & Beauregard Perkins, Jr., AAPG annual meeting, Los 
Angeles, Mar 24-27, 47. 


Structural Types and Trends in South China, Peter Misch, AAPG annual 
meeting, Los Angeles, Mar 24-27, 47. 
Outline of the Geological History of New Zealand in the Light of Recent 


Contribution, Francis J. Turner, AAPG annual meeting, Los Angeles, 
Mar 24-27, 47. ' 

Stratigraphic Sequence in the Philippines, Robt, M. Kleinpell, AAPG annual 
meeting, Los Angeles, Mar 24-27, 47. 

Paleogeographies of South America, L. G. Weeks, AAPG annual meeting, 
Los Angeles, Mar 24-27, 47. 

Central America as a Petroliferous Province, W. P. Woodring, AAPG an- 
nual meeting, Los Angeles, Mar 24-27, 47. 

Cyclic Sedimentation _in Paleozoic Rocks Along the Alcan Highway in 
Northern British Columbia, Lowell R. Laudon & B. J, Chronic, AAPG 
annual meeting, Los Angeles, Mar 24-27, 47. 

Exploration and Evaluation of Petroleum Possibilities in Southwestern 
Alaska, Lewis B. Kellum, AAPG annual meet, Los Angeles, Mar 24-27, 47. 

Petroleum Geology of Eastern Peru & Ecuador, Bernard Kummel, AAPG 
annual meeting, Los Angeles, Mar 24-27, 47. 

Petroleum Geology in Chile, Glen M. Ruby, AAPG annual meeting, Los 
Angeles, Mar 24-27, 47. 

Overthrust Structure of the Alberta Foothills, Canada, Theodore A. Link, 
AAPG annual meeting, Los Angeles, Mar 24-27, 47. 

Thrust Faulting in the Ventura Basin, Calif., Edw. C, H. Lammers, AAPG 
annual meeting, Los Angeles, Mar 24-27, 47. 

Montana & Wyoming Examples of Overthrusting in Relation to Petroleum 
Accumulation, D. L. Blackstone, Jr., AAPG annual meeting, Los Angeles, 
Mar 24-27, 47. 

Geology of Basement Comples, Edison Field, Calif., John H. Beach, AAPG 
annual meeting, Los Angeles, Mar 24-27, 47. 

Exploratory Drilling in 1946, F. H. Lahee, AAPG annual meeting, Los An- 
geles, Mar 24-27, 47. 

Kraft-Prusa Field, Central Kansas, Robt. F. Walters & Arthur S. Price, 
AAPG annual meeting, Los Angeles, Mar 24-27, 47, 

Apco Field, Pecos County, Texas, Samuel P. Ellison, Jr., AAPG annual 
meeting, Los Angeles, Mar 24-27, 47. 

Cumberland Oil Field, Bryan & Marshall Counties, Okla., Ira H. Cram, 
AAPG annual meeting, Los Angeles, Mar 24-27, 47. 

Oregon Basin Oil & Gas Field, Wyoming, Paul T. Walton, AAPG annual 

__ meeting, Los Angeles, Mar 24-27, 47. 

2 W. S. McCabe, AAPG annual meeting, Los Angeles, Mar 

-27, 47. 

Keystone Field, Winkler Co., Texas, Karl A. Mygdal, AAPG annual meet- 
ing, Los Angeles, Mar 24-27, 47 

TXL Field, Ector Co., Texas, C. 
Los Angeles, Mar 24-27, 47. 

Relation of Clay Mineralogy to the Origin & Recovery of Petroleum, Ralph 
E. Grim, AAPG annual meeting, Los Angeles, Mar 24-27, 47. 

Rangely Oil Field, Rio Blanco Co., Colo., W. Y. Pickering & C. L. Dorn, 

_ AAPG annual meeting, Los Angeles, Mar 24-27, 47. 

Historical Mechanics of Clinton Sand Deposition, James F. Swain, AAPG 
annual meeting, Los Angeles, Mar 24-27, 47. 

Geology of West Tepetate Oil Field, Jefferson Davis Parish, La., Fred W. 
— aad B. arton, Jr., AAPG annual meeting, Los Angeles, Mar 

-27, 47. 

Tinsley Field, Yazoo Co., Miss., F. R. Schroeder, AAPG annual meeting, 
Los Angeles, Mar 24-27, 47. 

Geology & Occurrence of Oil in Florida, E, D. Pressler, AAPG annual meet- 
ing, Los Angeles, Mar 24-27, 47. 

Late Paleozoic re in the Upper White River Co., Colorado, War- 
ren O. Thompson, AAPG annual meeting, Los Angeles, Mar 24-27, 47. 
Core Orientation by Graphical & Mathematical Methods, Hugh McClellan, 
AAPG annual meeting, Los Angeles, Mar 24-27, 47. 


>. Cantrell, Jr., AAPG annual meeting, 
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A NEW FACT-FINDING SERVICE! 
PANEL 
BOARDS 


INSTRUMENT 
PANELS 


SWITCH 
BOARDS 


CONTROL 
CUBICLES 





“L” SHAPED 
CUBICLE WITH 
MONITOR’S DESK 
AND CANOPY 
LIGHTING 





Falstrom engineers have designed 
and built so many control projects 
in all types of work that they have 
amassed a valuable background 
of experience for application in 
any field— 


PUBLIC UTILITIES @ POWER PLANTS 


MANUFACTURING @ COMMUNICATIONS 
PETROLEUM REFINING © PROCESSING 





HEAVY PANEL WITH 
MIMIC FLOW DIAGRAM 





This experience can be profitable 
to you in planning your next pan- 
el or cubicle job. You may require 
a simple, conventional set-up or 
a design which includes such ex- 
tra details as: 





Consoles @ Lighting © Special Insulation 
Clock Panels @ Monitor Desks © Air Filtering 
Grounding © Rolling Doors © Color Panels 
Mimic Flow Diagrams @ Knock-Down Cubicles 


COMMUNICATIONS 
EQUIPMENT CABINET 






Many of these features together 
with designs and dimensions on 
STANDARD UNITS are included 
in Falstrom Technical Bulletins. 


Please ask for Catalog 119-P. 


| WEAVY DUTY PUBLIC 
UTILITY, CUBICLES 


FALSTROM COMPANY 
Steel Housings since 1870 


7 FALSTROM COURT = 


PASSAIC °* 
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Methods in Micropaleontology, M. L. Natland, SEPM annual meeting, Los 
Angeles, Mar 24-27, 47. 

A Brief Review of the Stratigraphy & Micropaleontology of the Los Angeles 
Basin, Stanley G. Wissler & F. D. Crawford, SEPM annual meeting, Los 
Angeles, Mar 24-27, 47, . . 

Ventura Basin, Geo. C. Kuffel, SEPM annual meeting, Los Angeles, Mar 
24-27, 47. ; 

Stratigraphy of the Santa Maria Dist., Aden W. Hughes, SEPM annual 
meeting, Los Angeles, Mar 24-27, 47. 

Stratigraphy of the Sacramento Valley, Paul P. Goudkoff, SEPM annual meet- 
ing, Los Angeles, Mar 24-27, 47. ; a 

Stratigraphy of the Central Part of the Great Valley, Boris Laiming, SEPM 
annual meeting, Los Angeles, Mar 24-27, 47. 

Stratigraphy of the San Joaquin Valley, Wm. F. Barbat, SEPM annual meet- 
ing, Los Angeles, Mar 24-27, 47. ide P 

lertiary Smaller Foraminifera of the Dominican Republic, Pedro J. Ber- 
mudez, SEPM annual meeting, Los Angeles, Mar 24-27, 47. 

Applied Micropaleontology in Coastal Ecuador, R. M. Stainforth, SEPM 
annual meeting, Los Angeles, Mar 24-27, 47. | 

Occurrence in Colombia of Asterigerina Crassaformis, C. D. Redmond, SEPM 
annual meeting, Los Angeles, Mar 24-27, 47. . j 

Note on the Stratigraphic Distribution of Lepidorbitoides, C. M. Bramine 
Caudri, SEPM annual meeting, Los Angeles, Mar 24-27, 47. 

Upper Eocene Echinoids from Colombia, W. T. O’Gara, SEPM annual meet- 
ing, Los Angeles, Mar 24-27, 47. : 

Revision of the Ostracode Genus Buntonia, Henry V. Howe, SEPM annual 
meeting, Los Angeles, Mar 24-27, 47. ; 

Eocene Algae from Florida, J. Harlan Johnson, SEPM annual meeting, Los 
Angeles, Mar 24-27, 47. ; : 
Major Groups of the Family Ostreidae, H. B. Stenzel, SEPM annual meeting, 

Los Angeles, Mar 24-27, 47... : 

Shales & Their Environmental Significance, W. C. Krumbein, SEPM annual 
meeting, Los Angeles, Mar 24-27, 47. E ae 

Properties of Sandstones Resulting from Environmental Conditions, E. C. 
Dapples, SEPM annual meeting, Los Angeles, Mar 24-27, 47. 

Probable Depositional Environment of the Repetto Conglomerates, M. L. 
Natland, SEPM annual meeting, Los Angeles, Mar 24-27, 47. 

Environmental Signifiance of Conglomerates, W. H. Twenhofel, SEPM an- 
nual meeting, Los Angeles, Mar 24-27, 47. P 

Limitations of the Environmental Concept, Paul D. Krynine, SEPM annual 
meeting, Los Angeles, Mar 24-27, 47. y ; 

Ic Is Earlier Than You Think: A Challenge to Geophysics, Frank Rieber, 
SEG annual meeting, Los Angeles, Mar 24-27, 47. 

Committee on Geophysical Sciences of the Joint Research & Development 
Board, Roland F. Beers, SEG annual meeting, Los Angeles, Mar 24-27, 47. 

Potentiometric Model Studies, B. D. Lee, SEG annual meeting, Los Angeles, 
Mar 24-27, 47. 

Magnetic Surveys From a Helicopter, Hans Lundberg, SEG annual meeting, 
Los Angeles, Mar 24-27, 47. k , 

Aeromagnetic Exploration, C. A. Heiland, SEG annual meeting, Los Angeles, 
Mar 24-27, 47. 

Recent Techniques & Projects for the Airborne Magnetometer, Homer Jensen, 
SEG annual meeting, Los Angeles, Mar 24-27, 47. . 
Airborne Magnetometer Operations, R. D. Wyckoff, SEG annual meeting, 

Los Angeles, Mar 24-27, 47. ; : : f 

Applications of Shoran & Photographic Techniques to Aerial Magnetic 
Surveys, J. M. Klaassee, L. H. Rumbaugh & H. Jensen, SEG annual 
meeting, Los Angeles, Mar 24-27, 47. : 

Offshore Surveying With Radar, G. R. Johsson, SEG annual meeting, Los 
Angeles, Mar 24-27, 47. ; , 

Geophysical History of the Ten Section Field, Jos. C. Waterman, SEG annual 
meeting, Los Angeles, Mar 24-27, 47. 

Geophysical History of Raisin City Field, Calif, John Sloat, SEG annual meet- 
ing, Los Angeles, Mar 24-27, 47. ie ; 

Geophysical History of the N. Coles Levvee Oil Field, Kern Co., Calif., Jos 
Le Conte, SEG annual meeting, Los Angeles, Mar 24-27, 47. 

Geophysical History of the Canal Oil Field, Kern Co., Calif., R. W. Shoe- 
maker, SEG annual meeting, Los Angeles, Mar 24-27, 47. 

Geochemical History of the Hardy Field, Jones Co., Texas, W. R. Ransone, 
SEG annual meeting, Los Angeles, Mar 24-27, 47. i 
Geophysical History of the Lake St. John Field, Concordia & Tensas Parishes, 
La., N. J. Smith & G. W. Gulmon, SEG annual meeting, Los Angeles, 
Mar 24-27, 47. : 

Case History of Fort Collins, Extension, Larimer Co., Colo., John H. Wil- 
son, SEG annual a Los Angeles, Mar 24-27, 47. 

Case History of Antelope Pool, SW Clay Co., Texas, Gerald S. Lambert, 
SEG annual meeting, Los Angeles, Mar 24-27, 47. 7 
Geophysical History of East Field, Jim Hogg Co., Texas, W. E. Hollings- 

worth, SEG annual meeting, Los Angeles. Mar 24-27, 47. 

Geophysical History of Anahuac Oil Field, Chambers Co., Texas, Glenn E. 
Bader, SEG annual meeting, Los Angeles, Mar 24-27, 47. a 
Geophysical Exploration & Discovery of the Budafapuszta (Lispe) Oil Fields 
in Hungary, D. C, Skeels & Raoul Vajk, SEG annual meeting, Los An- 

geles, Mar 24-27, 47. : 

Use of Geophysics in Prospecting for Gold and Base Metals in Canada, 
T. Koulomzine & Leo Brossard, SEG annual meeting, Los Angeles, Mar 
24-27,47. 

Total Field Magnetometer for Mobile Operation, Eugene Frowe, SEG annual 
meeting, Los Angeles, Mar 24-27, 47. ‘ 

Practical Considerations for Electrical Pospecting, Wm. Bradley Lewis, SEG 
annual meeting, Los Angeles, Mar 24-27, 47. 

History of Explosives, Present Relation to Seismograph Work, R. W. Crab- 
tree, SEG annual meeting, Mar 24-27, 47. ; . 

Study of Seismic Character & Energy Return From Shooting High & Low 
Velocity Explosives, Ray Dobyns, SEG annual meeting, Los Angeles, Mar 
24-27, 47. ; 

Seismograph Results in 3 Dimensions, C. Hewitt Dix, SEG annual meeting, 
Los Angeles, Mar 24-27, 47. ( 

Universal Slide-Rule for Linear Velocity vs. Depth Calculations, Robt. H. 
Mansfield, SEG annual meeting, Los Angeles, Mar 24-27, 47. 

Preliminary Results of a Study of Seismograph Sensitivity Requirements, 
P. = Haggerty & R. W. Olson, SEG annual meeting, Los Angeles, Mar 
24-27, 47. 

Grading System for Seismic Reflections & Correlations, Phil P. Gaby, SEG 
annual meeting, Los Angeles, Mar 24-27, 47. 

Wave Front Circles for a Linear Increase of Velocity with Depth, F. A. van 
Melle. SEG annual meeting, Los Angeles, Mar 24-27, 47. 

Winter Operation of Geophysical Equipment in the Rocky Mountain Area, 
Harry L. Thomsen & Gerald A. Burton, SEG annual meeting, Los An- 
geles, Mar 24-27, 47. 

Subsurface Structure of Snake River Valley, Idaho, from Seismograph Rec- 
ords of Ammunition Explosions, B. Perkins, Jr., Dean S. Garder, Thos. H. 
Pearce & R. M. Patterson, SEG annual meet, Los Angeles, Mar 24-27, 47. 

Geophysical Applications of the ‘‘Law of Propagation of Errors,’’ Sigmund 
Hammer, SEG annual meeting, Los Angeles, Mar 24-27, 47. 
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Deflection of the Vertical in the Bahamas, N. C. Steenland, SEG annual 
meeting, Los Angeles, Mar 24-27, 47. 

Gravitational Terrain Effects of Two-Dimensional Topographic Features, 

King Hubbert, SEG annual meeting, Los Angeles, Mar 24-27, 47. 

New Gravity Meter, Hughes M. Zenor, SEG annual meeting, Los Angeles, 
Mar 24-27, 47. 

New Calculation Technique for bet Interpretation in Gravity Pros- 
a. Sigmund Hammer, SEG annual meeting, Los Angeles, Mar 

Vehicle Borne Instrument for Continuously Indicating Road Elevations, Dan 
Silverman, J. D. Eisler & J. F. Evans, SEG annual meeting, Los Angeles, 
Mar 24-27, 47. 

Development of a Portable Vacuum Tube Volt Meter for Field Use, L. W. 
Peay, SEG annual meeting, Los Angeles, Mar 24-27, 47. 

An Improved Apparatus for the Gish Rooney Resistivity Measurement Tech- 
nique, Shelley Krasnow, SEG annual meet, Los Angeles, Mar 24-27, 47. 
Multichannel Pen Recorder for Electrical Logging eee. J. D. Eisler 

& D, Silverman, annual meeting, Los Angeles, Mar 24-27, 47. 

Two Recent Improvements in Radioactivity Prospecting Apparatus, M. J. 
Test, SEG annual meeting, Los Angeles, Mar 24-27, 47. 

Use of a Water-Coupled Microphone System for Seismic oy B. LL. 
Snavely, R. Beresford, H. N. Clarkson, K. W. Erickson, Gale White, & 
J. V. Atanasoff, SEG annual meeting, Los Angeles, Mar 24-27, 47. 

New Methods for the Interpretation of Seismic Records from Under-Water 
Explosions, with Applications to a Study of the Structure of the Ocean 
Bottoms at Several Stations on the Eastern Continental Margin, C. L. 
Pekeris, SEG annual meeting, Los Angeles, Mar 24-27, 47. 

Ocean Bottom Sampler for Ships Under Way, J. L. Worzel, SEG annual 
meeting, Los Angeles, Mar 24-27, 47. 

Seismic Measurement of Distance in Shallow Water, Maurice Ewing & 
Frank Press, SEG annual meeting, Los Angeles, Mar 24-27, 47. 

Weathered Layer in Water-Covered Areas, Frank Press & Maurice Ewing, 
SEG annual meeting, Los Angeles, Mar 24-27, 47. 

Resume of Symposium on Multiple Reflections, T. P. Ellsworth, SEG annual 
meeting, Los Angeles, Mar 24-27, 47. 

Multiple Reflections in Seismic Surveying, M. B. Widess, SEG annual meet- 
ing, Los Angeles, Mar 24-27, 47. 

Shooting Method for Areas of Difficult Drilling, E. D. Alcock & K. H. 
Waters, SEG annual meeting, Los Angeles, Mar 24-27, 47. 

Geometry of Steep Dip Reflection Work With Some Implications of Impor- 
tance in Interpretation, K. H. Waters, SEG regional meeting, Tulsa, Okla., 
May 22, 47. ; 

Is . = pate? R. Maurice Tripp, SEG annual meeting, Los Angeles, Mar 
4-27, 47. 

Velocity Analysis of the East Coalinga Nose Area, Calif., G. J. Long, SEG 
annual mceting, Los Angeles, Mar 24-27, 47. 

Preparing Reports on Geophysical Prospecting, E. J. Stulken, SEG annua! 
meeting, Los Angeles, Mar 24-27, 47. 

Application of Radar to Offshore Surveying, J. W. Miller, SEG annual meet- 
ing, Los Angeles, Mar 24-27, 47. 

Subsequent History of the Apparent Failures of the First Gulf Coast Refrac- 
ar E. E. Rosaire, SEG annual meeting, Los Angeles, Mar 
4-27, 47. 

Design go for the Rotating Coil Galvanometer, John P. Woods, SEG 
annual meeting, Los Angeles, Mar 24-27, 47. 

Geophysical History of Block 31 Field, Crane Co., Texas, Lee B. Park & 
Alexander E. McKay, SEG annual meeting, Los Angeles Mar 24-27, 47. 
Subsurface Exploration of Bikini Atoll by the Seismic Refraction Method, 
Milton B. Dobrin & Beauregard Perkins, Jr., SEG, regional meeting, 

Tulsa, Okla., May 22, 47, 

Use of a Water-Coupled Microphone System for Seismic Surveying, B. L. 
Snavely, R. Bereford, H. N. Clarkson, K. W, Erickson, Gale White & 
J. V. Atanasoff, SEG regional meeting, Tulsa, Okla., May 22, 47. 

Decca System of Surveying, J. E. Hawkins, SEG regional meeting, Tulsa, 
Okla., May 22, 47. 

Aeromagnetic Exploration, C. A. Heiland, SEG regional meeting, Tulsa, 
Okla., yy! 22, 47. 

Geophysical Applications of the ‘‘Law of the woapagetion of Errors,’’ Sig- 
mund Hammer, SEG regional meeting, Tulsa, Okla., May 22, 47. 

Vehicle Borne Instrument for Continuously Indicating Road Evaluations, Dan 
Silverman, J. D. Eisler, & J, F. Evans, SEG regional Meeting, Tulsa, 
Okla., May 22, 47. 

New Gravity Meter, S. P. Worden, SEG regional meet, Tulsa, May 22, 47. 

Shooting Method for Areas of Difficult Drilling, E. D. Alcock, SEG regional 
meeting, Tulsa, Okla., May 22, 47, 

Gravity Meter Survey by Use of Helicopter, Robert Ray, Inc., SEG regional 
meeting, Tulsa, Okla., May 22, 47. 

Case History of the Antelope Pool, Southwest Clay Co., Texas, G. S. 
Lanbert, SEG regional meeting, Tulsa, Okla., May 22, 47. 

Mining Exploration in Canada, Dr. Arthur A. Brant, SEG regional meeting, 
Tulsa, Okla., May 22, 47. 

Study of the Geophysical Characteristics of Rocks With Special Reference to 
the Decay of the Magnetic Properties of the Granites and Its Use in the 
Differentiation in Granite and Granite Wash, G. L. Taylor & Duane H. 
Reno, SEG regional meeting, Tulsa, Okla., May 22, 47. as 

Instrumental Design for the Determination of the Geophyiscal Characteristics 

_of Rocks, Dan Silverman, SEG regional meetisg, Tulsa, Okla., May 22, 47. 

Michigan, Ontario Peninsula & Ohio, G. V. Cohee, Pittsburgh Geol. Soc. 
Ordovician symposium, May 16, 47. 

Ohio, West Virginia, Pennsylyania, & New York (sub-surface), C. R. 
Fettke, Pittsburgh Geol. Soc., Ordovician symposium, May 16, 47. 

New York (sub-surface), E. T. Heck, Pittsburgh Geol. Soc., Ordovician 
symposium, May 16, 47. 

New York to Northern Virginia (outcrop), F. M. Swartz, Pittsburgh 
Geol. Soc., Ordovician symposium, May 16, 47. 

North Virginia to Tennessee, C. &. Prouty, Pittsburgh Geol. Soc., Ordovician 
symposium, May 16, 47. 

Tennessee (sub-surface and surface east of Nashville Dome), K. E. Born, 
Pittsburgh Geol. Soc., Ordovician symposium, May 16, 47. 

Kentucky (surface east of Cincinnati Axis), A. C. McFarlan, Pittsburgh 
Geol. Soc., Ordovician symposium, May 16, 47. 

Kentucky (sub-surface), C. D. Hunter, Pittsburgh Geol. Soc., Ordovician 
symposium, May 16, 1947. 

Southern Ohio (sub-surface), R. C. Lafferty, Pittsburgh Geol. Soc., Ordo- 
vician symposium, May 16, 47, 

Fundamental Factors in Exploratory Diamond Drilling, Leon W. Dupuy, 
AIME annual meeting, New York, Mar 17-22, 47. 

Research in Geochemical Prospecting by the Geological Survey, Herbert E. 
Hawkes, Jr., AIME annual meeting, New York, Mar 17-22, 47. 

Symposium on a Program for Research in Economic Geology: C. H. Behre, 
i. Ge. — J. L. Gillson or R. H. Jahns, K. C. Heald or M, Gor- 
don Gulldy, W. D.Johnston, O. E. Meinzer, Sidney Paige, AIME annual 
meeting, New York, Mar 17-22, 47. 

Aeromagnetic Prospecting, C. A. Heiland, AIME annual meeting, New York, 
Mar 17-22, 47. 
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Principle Features of Magnetometer AN/ASQ-3A, L. H. Rumbaugh, AIME 
annual meetingfi New York, Mar 17-22, 47. 

Gulf’s Airborne Magnetometer, R. D. Wyckoff, AIME annual meeting, 
New York, Mar 17-22, 47. 

New Method of Calculating Magnetic Anomalies, L. Masse, AIME annual 
meeting, New York, Mar 17-22, 47. 


Geology and Ground-Water Resources of Puerto Rico, C. L. McGuiness, 
AIME annual meeting, New York, Mar 17-22, 47. 

Some Solution Features of the Limestone near Lexington, Ky., D. K. Hamil- 
ton, AIME annual meeting, New York, Mar 17-22, 47. 

Future Possibilities for Oil and Gas in New York State With Comments on 
Entire Appalachian Basin, E. T. Heck, API spring meeting, Pittsburgh, 
June 13,14, 46, 

Historical Notes on the Geology of Miss., Urban B. Hughes, IPAA midyear 
meeting, Jackson, Miss., May 8-9, 47. 


DRILLING 


California Drilling Practices, F. N. Kellogg, AAODC annual meeting, San 
Antonio, Texas, Oct 1-2, 46. 

Development, Care and Use of Drilling Equipment, F. F. Murray, AAODC 
annual meeting, San Antonio, Texas, Oct. 1-2, 46. 

Petroleum and the Future, Walter S. Hallanan, AAODC annual meeting, 
San Antonio, Texas, Oct. 1-2, 46. 

Hard Rock Drilling, F. L. Scott, AAODCS annual meeting’, San Antonio, 
Texas, Oct 1-2, 46. 

New Method for Measurement of Oil Saturation in Cores, R. L. Boyer, F. 
Morgan & M. Muskat, AIME meeting, Galveston, Texas, Oct. 3-5, 46. 

Use of Oil-Emulsion Mud in the Sivells Bend Field, W. H. Echols, AIME 
annual meeting, New York, Mar 17-22, 47. 

Oil Base Drilling Fluids, Geo. Miller. AIME annual meeting, New York, 
Mar 17-22, 47. 

Discussion of ‘‘Oil Base Drilling Fluids,’’ George Miller, with Introduction, 
Gordon H. Fisher. AIME annual meeting, New York, Mar 17-22, 47. 

Radioactive Markers in Oil Field Practice, H. G. Doll and H. F. Schwede, 
AIME annual meeting, New York, Mar 17-22, 47. 

Geological Interpretation of Radioactivity Well Logs, J. E. Kilkenny, AIME 
annual meeting, New York, Mar 17-22, 47. 

Bureau of Mines Experience With Over-size Diamond Core Barrels, J. R. 
Thoencn, AIME annual meeting, New York, Mar 17-22, 47. 

Practice of the Omaha Office of the U. S. Engineers in Recovering Cores 
Between Two Inches and Ten Inches is Diameter, John H. Melvin, 
AIME annual meeting, New York, Mar 17-22, 47. 

Desirable Types and Probable Use of Large Diameter Core Barrels, R. F. 
Blanks, AIME annual meeting, Mar 17-22, 47. 

Some Desirable Improvements in Core Barrels, G. D. Roberts, AIME annual 
meeting, New York, Mar 17-22, 47. 

Use of Jumbo Drilling Machines in the Tri-State Dist., S. S. Clarke, AIME 
annual meeting, New York, Mar 17-22, 47. 

Development of a Special Hard-surfaced Bit for Drilling Oil Shale, T. Ertl, 
John R. Wagner & Ernest Burgh, AIME annual meeting, Mar 17-22, 47. 

Type of Drilling Equipment, H. Longmore, AIME annual meeting, New 
York, Mar 17-22, 47. 

Application of Diamond Drilling. A. H. Harvey & W. P. Petzold, AIME 
annual meeting, New York, Mar 17-22, 47, 

Radioactive Markers in Oil-field Practice, H. G. Doll, & H. F. Schwede, 
AIME annual meeting, New York, Mar 17-22, 47. 

Use of Oil Emulsion Mud in the Sivills Bend Field, W. H. Echols, AIME 
annual meeting, New York, Mar 17-22, 47. 

Oil-Base Drilling Fluids, Geo. E. Miller, AIME annual meeting, New York, 
Mar 17-22, 47. 

Marine Drilling in Venezuela, James A. Clark, AIME, Galveston, Texas, 
Oct 2-5, 46. 

Laboratory Results Concerning Selection of Drilling Fluids for Use With 
Fine Mesh Liners, John Gates, AIME, Los pone By Oct 24-25, 46. 

Deep Cable Tool Drilling in the Appalachian Area, Harold W. Haupt, 
API spring meeting, Pittsburgh, Pa., June 13-14, 46. 

Deep Rotary Drilling Applied to the Appalachians, Bruce R. Miller, API 
Spring meeting, Pitsburgh, Pa., June 13-14, 46. 

Practical Aspects of Directional Drilling, D, K. Weaver, API annual meet- 
ing, Chicago, Nov 14, 46. 

Flow Properties of Drilling Muds, R. W. Beck, W. F. Nuss & T. H. Dunn, 
API spring meeting, Fort Worth, Mar 27-28, 47. 

Hard Rock Drilling in the Permian Basin, David Johnston, API spring 
meeting, Fort Worth, Mar 27-28, 47. 

Well Completion and Remedial Work With Plastic, A. A. Townsend & 
R. H. Smith, API spring meeting, Fort Worth, Mar 27-28, 47. 

New Developments in Diamond Coring, R. W. Stuart, API spring meeting, 
Fort Worth, Mar 27-28, 47. 

Method for Determining Connate and Drilling Water Saturations for Cable 
inne _ A, P. Clarke, Jr., API spring meeting, Pittsburgh, Apr 

Practical Aspects of Drilling the Clinton Sands of Ohio, James F. Swain, 
API spring meeting, Pittsburgh, Apr 1618, 47. 

Rotary Tool Drilling in Ohio, Noah Andrews, API spring meeting, Pitts- 
burgh, Apr 16-18, 47. 

New Electrical Logging Techniques in California, J. C. Stick, Jr., J. S. 
Baker, & R. G. Norelius, API spring meetisg, Los Angeles, May 15-16, 47. 

True Resistibility Determination From the Electric Log: Its Application to 
Log a H. G. Doll, J. C. Legrand, E. F. Stratton, API spring 
meeting, Los Angeles, May 15-16, 47. 

Factors Influencing the Selection of Mud Fluid for Completion of Wells 
H, E. Radford, API spring meeting, Los Angeles, May 15-16, 47. 

Evaluation of Completion Practice From Productivity Index and Permeabil- 
ity Data, F. R. Wade, API spring meeting, Los Angeles, May 15-16, 47. 

Recent Developments in Casing Standards and Design, John Wais, Jr., 
API spring meeting, Los Angeles, May 15-16, 47. 

Determination of Stresses in Oil Well Casing in Place, C. H. Oberg & R. W. 
Masters, API spring meeting, Los Angeles, May 15-16, 47. 

Development of Thread Sealing Lubricants, H. C. Zweifel, L. J. Grunder, 
API s ring meeting, Los Angeles, May 15-16, 47. 

Modern Practices in Deep Contract Drilling, Jack Abernathy, API spring 
_ meeting, Amarillo, Texas, May 22-23, 47. 

Diamond Coring vs. Conventional Methods of Penetrating the Weber Forma- 
tion in Rangely Field, R. E. Pou, E, W. Olson & C. G. Congdon, API 

_ Spring meeting, Amarillo, Texas, May 22-23, 47. 
Controlled Directional Drilling of Wells, G. L. Kothny, ASME nat’l con- 
a a. —e yg hes 46. 
evelopment in Side all Coring by the Rotary Method, J. R. Yancey, 
ASME nat’l conference, Tulsa, Okla., Oct 7-9) 46. ; , 

Engineering Details of Off-Shore Drilling Operations, R. G. Watts, ASME 

D awe i, Sate R Sane a fewer Oct 7-9, 46. 
ruling Equipment Needs, Douglas Ragland, ASME nat’! conference, T. . 
Okla., Oct 7-9, 46. wiles f as 
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field use . . . compact portables for emergency use .. . 
units in weather-proof housings . . . automatic units for 
camp lighting. AC and DC units—gasoline, diesel, and 
for operation on natural gas. Write for information. 


DISTRIBUTORS: U. S. Electric Plants, 7001 
| S. San Pedro St., Los Angeles 3, Calif.— 
= Southwest Equip. Co., 919 So. Ervay, Dal- 
’ oe las 1, & Kilgore, Texas—C. A. McDade Co., 
ae 3526 Hamilton Ave., Pittsburgh 6, Pa.— 
i . & Midland Implement Co., Box 2113 Billings, 
e _ Mont., & Great Falls. 





UNITED STATES MOTORS CORP. 
547 Nebraska St. Oshkosh, Wis. 








The manufacture of cus- 
tom fastenings from any 
material to any specifica- 
tions has been our busi- 
ness for 34 years. 


VICTOR Studs and 
Bolts are made to your 
specifications of strength 
and resistance to corro- 
sion and heat. May we 
quote on your require- 
ments? 


Alon ge) aa) {o)>lilesp- mee) i te) y- yale). 
2635 Belmont Ave. - KEYstone 5940 - Chicago18, Ill. 
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“U. S.”’ builds a dependable Electric Plant to fit every oil- 























Just Published 
VOL. III of “Petroleum Production” —to 
be published in 5 volumes 





ETROLEUM PRO 








By PARK J. JONES, Consulting Engineer, Houston, Texas 


Volume Ill: Oil Production by Water 


The third in a series of five volumes which will comprise the most 
thoroughgoing treatment of the engineerin; — of petroleum 
production ever presented. Contents include: Part I: FOUNDA- 
TIONS: Oil Ahead of Water; Oil Production ye yy Well 
Producing Capacity; Injection of Water; The tima for Reser- 
voirs; Migration of Oil; Part II: APPLICATIONS: Radial Reser- 
voirs; Two Pay Intervals; Impermeable Wedges; Saturated Oil; 
Linear Reservoirs; Elongated Reservoirs; Bottom Water. $5.00 


282 Pages. Illustrated... tet 


Volume !: Mechanics of Production: Oil, Condensate 


and Natural Gas 

Contents Include: Elements of Production Mechanics; Character- 
istics of Pay and Nonpay; Permeability of Linear and Radial Sys- 
tems; Interstitial and Free Water; Application of Electric Logs; 
Composition of Hydrocarbons; Properties of Reservoir Gases and 
Liquids; Separator Samples and Equilibrium Constants; Displace- 
ment of Oil and Water by Gravity; Invasion Factors and Patterns; 
Displacement of Condensate by Cycling; Volumetric Balances. 


231 Pages. Illustrated... Hise 


Volame Il: Optimum Rate of Production 

Contents include: The maximum Efficient Rate of Production; Oil, 
Condensate and Natural Gas Reserves; Well Producing Capacity 
for Reservoirs; Interest Factors; The Period of Development; Uni- 
form Rates of Production; Uniform Rates of Depletion; Economic 
Limits for Wells and Reservoirs; Increasing Rates of Depletion; 
Decreasing Rates of Depletton; The Optima for Uniform Rates of 
Depletion; The Optima for Variable Rates of Depletion; Exponen- 
tial Functions; Natural Logarithms. 

295 Pages ............... $4.50 


Volumes in Preparation: 
IV: Condensate and Natural Gas Production 
V: Primary and Secondary Production Methods 


Send for complete list of 13 titles of books dealing with the 
subject of Petroleum. 


REINHOLD PUBLISHING CORPORATION 


330 West 42nd Street New York 18, N. Y. 


DUCTION 


























Home Address 





FORM 


The Petroleum Engineer, 
Box 1589, Dallas, Texas. 
(Enter) (Renew) my subscription for— 
1 year $2.00[ | 2 years $3.00 [ | 


Name 





Com pany__ 


Position 








(or) 
Office Address 





City, State 























314 


Mid-Continent Mud Conditioning, G. C. MacDonald, ASME nat’! confer- 
ence, Tulsa, Okla., Oct 7-9, 46. M 
—— of Barite From Rotary Drilling Mud by Centrifugal Separation, 
A. E. Zimmerman, ASME nat’l conference, Tulsa, Okla., Oct 7-9, 46. 


PRODUCTION 


Extending the Application of Electric Analogy in Oil Reservoir Studies, 
Henry Schaefer, AIME, Galveston, Texas, Oct 3-5, 46. 

Use of Plastics in Consolidating Loose Sands in Wells, R. H. Smith & C. 
Polk, Jr., AIME, Galveston, Texas, Oct 3-5, 46. 

Use of Helium as a Tracer in Oil and Gas Fields, E. M. Frost, Jr., AIME, 

_ Galveston, Texas, Oct 3-5, 46. 

Evaluation of Pressure Maintenance by Internal Gas Injection in Volu- 
metrically Controlled Reservoirs, E. Chas. Patton, Jr., AIME, Galves- 
ton, Texas, Oct 3-5, 46. 

Study of Some Factors Affecting Gun Perforating, S$. C, Oliphant & R. Floyd 
Farris, AIME, Galveston, Texas, Oct 3-5, 46. 

Interstitial Water by the Capillary Pressure Method, O. F. Thornton & D. 
L. Marshall, AIME, Galveston, Texas, Oct 3-5, 46. 

Calculated Recovries by Cycling From a Retrograde Reservoir of Variable 
Permeability, M. B. Standing, E. N. Lindblud & R. L. Parsons, AIME, 
Pet. Div., Los Angeles, Oct 24-25, 46. 

Some Theoretical Aspects of Well Drainage and Economic Ultimate Recoy- 
ery, Vaughn Moyer, AIME, Pet. Div., Los Angeles, Oct 24-25, 46. 

Some Aspects of High Pressures in the D-7 Zone of the Ventura Avenue 
Field, E, V Watts, AIME, Pet. Div., Los Angeles, Oct 24-25, 46. 

Volumetric Behavior of Oil & Gas From Several San Joaquin Valley Fields, 
B. H. Sage & R. H. Olds, AIME, Pet. Div., Los Angeles, Oct 24-25, 46. 

Gas Conservation in West Texas, D. V. Carter, AIME, Austin, Tex., Dec 46. 

Reservoir Study of the West Edmond Hunton Pool, Okla., Dr. Max Little- 
field, L. O. Gray, A. C. Godbold, AIME, Austin, Texas, Dec 46. 

Reservoir Study of the West Edmond Hunton Pool, Okla., Dr. Max Little- 
field, AIME annual meeting, New York, Mar 17-22, 47. 

Quantitative Valuation of Methods of Procedure in Water-Flood Oil Pro- 
ety Harry M. Ryder, AIME annual meeting, New York, Mar 

£2, Fie 

Phase Behavior in the Methane-Ethane-n-Pentane System, G. W. Billman, 
7 z + taal & W. N. Lacey, AIME annual meeting, New York, Mar 

Calculated Effect of Pressure Maintenance on Oil Recovery, Robt L. Hoss, 
AIME annual meeting, New York, Mar 17-22, 47. 

Meter for Measuring the Distribution of Gas Flow in Well Bores (synopsis), 
F. Morgan, D. W. Reed & L. L. Gray, AIME annual meeting, New 
York, Mar 17-22, 47. 

Well Flowmeter for Logging Producing Ability of Gas Sands, R. P. Vincent, 
R, M. Leibrock & C. W. Ziemer, AIME annual meeting, New York, 
Mar 17-22, 47. 

Potentiometric Model Studies, B. D. Lee, AIME annual meetisg, New York 
Mar 17-22, 47. 

Reservoir Study of the West Edmond, Okla. Hunton Pool, Max Littlefield, 
= = > old & L. I. Gray, AIME annual meeting, New York, Mar 

Use of Well-flow Meter for Logging Relative Producing Ability of Individual 
Sand Members of Gas Wells, R. P. Vincent & R. M. Leibrock & C 
Ziemer, AIME annual meeting, New York, Mar 17-22, 47. 

Advantages of Brines in a | Recovery of Petroleum by Water-Flood- 
ing, Richard V. Hughes, AIME, Texas Sec., Wichita Falls, Mar 1, 46, & 
Pittsburgh, Pa., Nov 8, 46, 

Calculated Eftect of Pressure Maintenance on Oil Recovery From a Solution 
Gas Drive Reservoir, Robt. L. Hoss, AIME joint section meeting, Austin, 
Texas, Dec 18-19, 46. 

Salt Water Injection and Pressure Maintenance E. Texas Field, Winfield 
S. Morris, AIME joint section meeting, Austin, Texas, Dec 18-19, 46. 
Material Balance Method of Evaluating Pressure-Maintenace by Internal 
Gas-Injection in Tight. Volumetrically Controlled Reservoirs, E. Chas. 

Patton, Jr., AIME, Galveston, Texas, Oct 3-5, 46. 

ty ae J. Gordon Buch, API spring meeting, Pittsburgh, June 

Design and Construction of Water Pumping Plants, George W. Holbrook, 
API spring meeting, Pittsburgh, June 13-14, 46. 

Gas ae Systems, Douglas Rogers, Jr., API spring meeting, Pittsburgh, 
June 13-14, 46. ; 

Safety in the Oil and Gas Field, Paul M. Walton, API spring meeting, Pitts- 
burgh, June 13-14, 46. 

The Rehabilitation of Drowned Gas Wells, S. T. Yuster, API spring meet- 
ing, Pittsburgh, June 13-14, 46. 

Gas Requirements in Gas Drive Recovery, S. T. Yuster & R. J. Day, API 
Spring meeting, Pittsburgh, June 13-14, 46. 

Practical Considerations in Evaluating Pressure Maintenance, Lloyd L. Gray, 
API spring meeting, Okla. City, June 6-7, 46. 

— - em, R. M. Williams, API spring meeting, Okla. City, 
June 6-7, 46. 

Corrosion & Preventive Methods in the Katy Field, API annual meeting, 
Chicago, Nov 11-14, 46. 

Flowing Water-Flood Production, T. F. Lawry, API annual meeting, Chi- 
cago, Nov 14, 46. 

eo ye ye Selection for Secondary-Recovery Developments, E. N. 
Kemler, API annual meeting, Chicago, Nov 14, 46. 

Homogeneous Permeability Determination. S. T. Yuster, API annual 
meeting, Chicago, Nov 14, 46. ’ ah 

Separators and Tanks, W. L. McCloy, Jr., API annual meeting, Chicago, 
Nov 14, 47, 

Case History of Water Flooding in Throckmorton Co., Texas, Paul C. 
Dean, API spring meeting, Fort Worth, Tex., Mar 27-28, 47. A 
Packer Problems in West Texas, T. H. Dwyer, API spring meeting, Fort 

Worth, Texas, Mar 27-28, 47. 7 

Inventory of Gas Drive Operations in North Texas, West Texas and New 
Mexico Pt. 1, North Texas, L. F. Peterson; Pt. 2, Texas & N. Mex., Lee 
Flood, API spring meeting, Fort Worth, Texas, Mar 27-28, 47. ' 

Water-Flooding Is Essential, David Scott, Jr., API spring meeting, Pitts- 
burgh, Apr 16-18, 47. i : ’ 

Effects of Increase in Water Pressure on Water-Flooding Oil Productios, 
Harry M. Ryder, API spring meeting, Pittsburgh, Apr 16-18, 47. 

Recent Advances in Selective Exclusion of Water in Input Wells, Don Mar- 
tin, Kurt H. Andresen & F. W. Ellenberger, API spring meeting, Pitts- 
burgh, Apr_J6-7, 47. : 

Advantages of Increased Injection Rates at Water-Input Wells, P. A. Dickey 
& J. F. Buckwalter, API annual meeting, Chicago, Nov 11-14, 46 

Effect of Properties of Flood Water on Rate of Input & Oil Production, 
K. H. Andresen & E. T. Heck, API annual meeting, Chicago, Nov 
11-14, 46. 

Input-Well Equipment, Geo. W. Holbrook & W. H. Young, Jr., API annual 
meeting, Chicago, Nov 11-14, 46. 

Chemical & Mechanical Treatment of Water-Isput Wells, R. S. Bossler & 
S. S. Taylor, API annual meeting, Chicago, Nov 11-14, 46. 


. . 
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Restored State Method for Determination of Oil in Place and Connate Water, 
W. A. Bruce & H. J. Welge, API district meeting, Amarillo, Texas, 
May 22-23, 47. oa ’ . 

Productivity of Individual Pay Zones Used for Determining Completion Effi- 
ciencies—Hugoton Field, Kans., R. B. LeFever & Henry Schaefer, API 
district meeting, Amarillo, Texas, May 22-23, 47. . : 

General Pressure-Volume-Temperature Correlation for Mixtures of Califor- 
nia Oil and Gases, M. B. Standing, API spring meeting, Los Angeles, 
May 15-16, 47. , ’ 

Control of Unconsolidated Sand in the Wilmington Oil Feld, Read Wister- 
burn, API spring “sy. Los Angeles, May 15-16, 47. 

Monroe Gas Field and Its Pressure Behavior, Don T. MacRoberts & Pres- 
ton Fergus, API spring meeting, Amarillo, Texas, Mar 22-23, 47. 

Unitization of Oil Fields in the United States, K. E. Beall, API spring meet- 
ing, Amarillo, Texas, May 22-23, 47. ; ; we 

Results of Experimental Water Flooding in the Haynesville Field, Pettit Zone, 
A Lime Reservoir Originally Under Dissolved Gas Drive, O. S. Ervub, 
API spring meeting, Amarillo, Texas, May 22-23, 47, : 

Principles of Quantitative Gas Analysis and Testing, A. W. Gauger, ASME, 
Instruments & Regulators Div., Pittsburgh, Sept 16-18, 46. 

Four New Methods of Industrial Gas Analysis, H. D. Middel, ASME, Instru- 
ments & Regulations Div., Pittsburgh, Sept. 15-18, 46. 

Factors Influencing the Selection of Equipment for Oil Well Pumping, J. H. 
Field, ASME, Nat’l Conf., Tulsa, Okla., Oct_7-9, 46. i 

Trends in Surface Pumping Equipment Design, E. M, Fetzer, ASME, Nat'l 
Conf., Tulsa, Okla., Oct 7-9, 46. 

Rotary Pumps in the Oil Industry, R. J. S. Pigott, ASME, Nat’l Conf., 
Tulsa, Okla., Oct 7-9, 46. ‘ A 

Oil Recovery Through Gasoline Injection, Ernest C. Arnold, Oil Compact, 
Winter Meeting, Dallas, Texas, Dec 46. 

Proper Control of Oil Reservoirs, Don R. Knowlton, Oil Compact, Winter 
Meeting, Dallas, Texas, Dec 46. 

Feasibility and Possibility of a Statewide Plan of Gas Proration and Ratable 
Take, Jack K. Baumel, Oil Compact, Winter Meeting, Dallas, Dec 46. 

National Stripper Well Survey, 1945. E. G. Dahlgren, Oil Compact, Win- 
ter Meeting, Dallas, Texas, Dec 46. 

Plan for Increasing the Recovery of Oil in Texas, Paul D. Torrey, N. Tex. 
O&GA, Wichita Falls, Mar 8, 47. 

Results of Water-Flooding Oil Sands in No. & No. Central Texas, D. B. 
Taliaferro & R. K. Guthrie, N. Tex. OGGA, Wichita Falls, Mar 8, 47. 

Importance of Secondary Recovery in Texas, Hon. Wm. J. Murray, Jr., 
N. Tex OGGA, Wichita Falls, Mar 8, 47. 

My Experience With Water Flooding in North Texas, H. M. McClain, 
N. Tex. OGGA, Wichita Falls, Mar 8, 47. 

Selective Plugging, Don Martin, N. Tex. OGGA, Wichita Falls, Mar 8, 47. 

Electrification on Producing Oil Fields, J. N. Poore, PEPA annual meeting, 
Tulsa, Okla., Dec 3-4, 46. 

Field Testing and Maintenance of Large Capacity Displacement Meters, 
R. F. Nowlin, SWGM short course, Norman, Okla., May 6-8, 47. 

Determination of Specific Gravity, H. P. Stewart, SWGM short course, 
Norman, Okla., May 6-8, 47. 

Back Pressure Tests of Gas Wells, C. W. Binckley, SWGM short course, 
Norman, Okla., May 6-8, 47. 

Problems in Wet Gas Measurement, C. H. 
Norman, Okla., May 6-8, 47. 

Back Pressure Tests of Gas Wells, C. W. Binckley, SWGM short course, 
Nerman, Okla., May 6-8, 47. 

Problems in Measurement of Natural Gas Containing Hydrogen Sulphide, 
Round Table Discussion, led by L. L. Jordan, SWGM short course, 
Norman, Okla., May 6-8, 47. 


REFINING 


Mechanism of Catalytic Cracking, R. C. Hansford, ACS, Pet, Div. 25th An- 
niversary, Chicago, Sept 10, 46. 

Improved Method for Determining the Olefin Content of Gasoline, G. R. 
Bond, Jr., ACS, Pet. Div. 25th Anniversary, Chicago, Sept 10, 46. 
Experimental Equilibrium Constants for the Isomeric Hexanes, B. L. Ever- 
ing * E. L. d’Ouville, ACS, Pet. Div. 25th Anniversary, Chicago, Sept 

0, 46. 

Hydrogen of Catalytically Cracked Naphthas for Production of Aviation 
Gasolines, Alexis Veorhies, Jr., & W. M. Smith, ACS, Pet. Div. 25th 
Anniversary, Chicago, Sept. 10, 46. 

Improved Oldershaw Glass Bubble Plate Columns, Automatic Stillheads and 
Accessories, Frank C. Collins & Vernon Lantz, ACS, Pet. Div. 25th 
Anniversary, Chicago, Sept 10, 46. 

Optimum Dilution in Solution Filtration, E. J. Reeves, ACS Pet. Div. 25th 
Anniversary, Chicago, Sept 10, 46. 

Phase Relationships in Houdry Heat Transfer Systems, J. Alexander, Jr. & 

. C. Hindin, ACS, Pet. Div, 25th Anniversary, Chicago, Sept 10, 46. 

Studies of Naphthas From Fluid Catalyst Cracking, C. E. Starr, Jr., J. A. 
Tilton & W. G. Hockberger, ACS, Pet. Div. 25th Anniversary, Chicago, 

__ Sept. 10, 46. ; 

Theoretical Explanation of Effect of Polymers on Viscosity Index, Modifi- 
cation of Blending Oil Solubility by Additions of Polymer Non-Solvents, 
& Polymer Studies, H. C. Evans & D. W. Young, ACS, Pet. Div. 25th 
Anniversary, Chicago, Sept. 10, 46. 

Chemical Refining of Aromatic Hydrocarbons From Petroleum, P. L. Brandt, 

A ee, F. T. Wadsworth, ACS, Pet. Div. 25th Anniversary, Chicago, 
Sept. 10, 46. 

Use of Tannins and Allied Chemicals in Mercaptan Removal Treating Proc- 
esses, John Happel & S. P. Cauley, ACS, Pet. Div. 25th Anniversary, 
Chicago, Sept, 10, 46. 

Petroleum, 1921 to 1971, Bruce K. Brown, ACS, Pet. Div. 25th Anniversary, 
Chicago, Sept. 10, 46. 

Purification, Purity, and Freezing Points of 8 Nonanes, 11 Alkylcyclopentanes, 
6 Alkylcyclohexanes, and 4 Butylbenzenes of the API-Standard and API- 
NBS Series, Anton J. Streiff, Evelyn T. Murphy, Janice C. Cahill, Helen 
F. Flanagan, Vincent A. Sedlak, Charles B. Willingham, & Frederick 
D. Rossini ACS, Pet. Div. 25th Anniversary, Chicago, Sept. 10, 46. 

Relative Reactivity of Allylic Chlorides, Lewis F. Hatch, Leon B. Gorden & 
John J. Russ, ACS regional meeting, Dallas, Texas, Dec 12-13, 46. 

Removal of Acidic Constituents in Hydrocarbon Solutions by Absorption on 


Perry, SW’GM short course, 


Silica Gel, D. A. Shock & Norman Hackerman, ACS regional meeting; 


__ Dallas, Texas, Dec 12-13, 46. 
Effect of Altitude on Cs and Cs Blending Calculation, N. B. Haskell & 
J. A. Rediner, ACS regional meeting, Dallas, Texas, Dec 12-13, 46. 
Studies on the Activation of and Adsorption on Carbon Black, Norman 

Hackerman & A. L. McClellan, ACS, regional meeting, Dallas, Texas, 
Dec 12-13, 46. 
Sample Entering System for Mass Spectrometric Analysis—Mass Spectra of 
Ten Aromatic Hydrocarbons, S. E. J. Johnsen, ACS regional meeting, 
— Dallas, Texas, Dec 12-13, 46. 
Determination of Elemental Sulfur in Aromatic Hydrocarbons, R. E. 
combe, H. E. Morris, & W 
Texas, Dec 12-13, 46. 


La- 
. Lane, ACS regional meeting, Dallas 
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Information of Value... 


on Jensen Pumping Units can be obtained from 
your Jensen dealer; pgs. 1882-1885, Vol. I, 1946-47 
Composite Catalog or by writing us. This data— 
facts and figures—is conservatively written, easy 
to figure into greater profits whenever a Jensen is 
installed. 


Bros. 


JENSEN ui. 


Coffeyville, Kansas, U.S. A. 


Export Office: 50 CHURCH STREET, NEW YORK CITY 





ROCKFORD 
POWER TAKE-OFFS wi%& 
HEAVY DUTY CLUTCHES 


Me 





5 
j 
j 








HESE complete, self-contained 

power take-off units are suitable 
for heavy duty, gear-tooth drive ap- 
plication to current industrial gasoline 
and diesel engines. Sizes fit standard 
S.A.E. flywheel housings. Conserv- 
atively rated capacities and operating 
reliability are proved by thousands 
in daily use. An adjustment ring pro- 
vides for fine adjustments, without 
special tools. This ring is conveniently 
accessible through a hand-hole in the 
housing. Adjustments can be made 
and automatically maintained with- 
out releasing or engaging a separate 
locking device. 


Gives dimensions, copocity tables ond 
eens complete specifications. Suggests / “" 
typical applications ond mokes 
helpful recommendationsfor | & 
planning efficient power take- 
of drives. 


ROCKFORD CLUTCH DIVISION ws 








1303 Eighteenth Avenue, Rockford, Illinois, U.S.A. 
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Gases Contain- 
urray, ACS re- 


Investigation of a Girbotol Unit ~~ Cracked Refine 
ing Organic Acids, F. R. Clegg, W Norris, C. A. 
gional meeting, Dallas, Texas, Dec 12: 13, 46. 

Method for the Determination of Optimum Conditions for Titrimetric De- 
terminations, Wm. B. Huckabay & Clyde J. Newton, ACS regional meet- 
ing, Dallas, Texas, Dec, 12-13, 46. 

Method for the Determination of Optimum Conditions for Titrimetric De- 
terminations—II The Determination of Acetone, Wm. Huckabay, — 
J. Newton & A. V. Metler, ACS region. meet., Dallas, Dec 12-13, 

Commercial Application of Petroleum Naphthas, H. N. Frost & C. A. Murray, 

1CS regional meeting, Dallas, Texas, Dec 12-13, 46. 

History of Commercial Rutten of Butadiene by ‘the Catalytic Dehydro- 
generation of Butylenes, W. L. Hiller, Jr., ACS regional meeting, Dallas, 
Texas, Dec 12-13, 46. 

Catalyst Analysis for Catalytic Cracking of Petroleum, A. R. Rescorla, ACS 
regional meeting, Dallas, Texas, Dec 12-13, 46. 

Studies of ae Low Temperature Fractional .—.— Optimum 
( harging Rates, C. E. Starr, Jr., J. S. Anderson & V. M. Davidson, ACS 
regi: nal meeting, ‘Dallas, Texas, Dec 12-13, 46. 

Flow Properties of Asphalt Emulsions, D. V. L as & R. N. Traxler, 
1CS regional meeting, Dallas, Texas, Dec 12-13, 

Effect of the Variables on the — of Tl With Ethylene in 
the Presence of Aluminum Bromides, L. G. Sharp, ACS regional meet- 
ing, Dallas, Texas, Dec 12-13, 46. 

Phase Behavior in the Methane-ethane- fort pros System, W. N. Lacey, G. W. 
Billman & B. H. Sage, AIME annual meeting, ‘¥ York, Mar 17-22, 47. 

Naphtha Polyforming, W. C. Offutt, P. Ostergaard, M. C. Rogle & H. Beu- 
ther, API annual meeting, Chicago, Nov. 14, 

Naphtha Polyforming With Outside Gas, W. C. Offutt, P. Ostergaard, M. 
C. Fogle & H Beuther, API annual meeting, Chicago, Nov 14, 46. 

Miscellaneous Fractionating Techniques, J. J. Cicalese, J. A. Davies, P. J. 
Harrington, G. S$, Houghland, A. L. J. Hutchinson & T. J. Walsh, API 
annual meeting, Chicago, Nov 14, 46. 

Analysis of Alkylates & Hydrocodimers, Augustus R. Glasgow, Jr., Anton 
J. Streiff, Chas. B. Willingham & Frederick D. Rossini, API annual meet- 
ing, Chicage, Nev 14, 46. 

Correlation of Operating Variables in the Polyform Process, Joel H. Hirsch, 
P. Ostergaard & W. C. Offutt, API annual meet, Chicago, Nov 14, 46. 

Operating en of H percal Fractionating Columns, P. O. Brandt, 
R. B. Perkins, Jr., <. Meise, API annual meeting, Chicago, Nov 

Analytical Distillation- Fowl Principles of Definitions, C. R. Reed, API 
annual meeting, Chicago, Nov 14, 46. 
gh-Temperature Fractional Distillation—!/-In., Ewell Column, C. R. 
"Read. API annual meeting, Chicago, Nev 14, 46 

Evaluation of Laboratory Batch Fracticnating Columns, A. W. Goldsberry 
& R. . Askevold, API annual meeting, Chicago, Nev 14, 46. 

Conccntric-Tube Fracticnating Co!umns. K. Donnell & R. M. Kennedy, 
1PI annual meeting, Chicago, Nov 14, 46. 

Use of a 3-In. Diameter Stedman Column for Precise Laboratory Fractiona- 
“ Ws gg - L. Coffey & L. G. Garrard, API annual meeting, 
Chicag -, New. 14, 46. 

fractional Analysis cf Hydrocarbon Mixtures on a Gallon Scale, R. F. 
Marschner & W. P. Cropper, API annual meeting, Chicago, Nov 14, 46. 

Precise Laboratory kractionating Column, H, J. Hall, API annual meeting, 


Chicago, Nov 14, 46. 


iboratory Distilling Columns of High Efficiency Used in the Work of API 
Proje 6, 6, C. B. Wilingham & 
Chicago, | 


F. D. Rossini, API annual meeting, 


Nov 14, 46. 





2756 Royalston Ave. 


ONAN ELECTRIC PLANTS Biteereeoe. 
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There’s an Onan Electric Plant to meet the 

requirements of any oil field application—to 

give long, full-capacity service under the | 

severest operating conditions. | 
Ligh ee one or two-cylinger heavy- 

duty, air-cooled models for maximum porta- 

bility. Onan two, four and _ six-cylinder 

water-cooled plants for continuous opera- 

tion, stationary or mobile. 

ONAN ELECTRIC PLANTS—A.C.—350 to 35,000 watts 

in standard voltages and frequencies; D.C.—600 to 

10,000 watts, 115 and 230 volts. Battery chargers—500 

to 6,000 watts, 6 to 115 volts. ONAN AIR-COOLED 

ENGINES—CK: 2- cylinder opposed, 10 h.p.; BH: 2-cyl- 

inder opposed, 5.5 h.p.; 1B: I-cylinder, 2.5 h.p. 


WRITE FOR SPECIAL FOLDER 


D.W. ONAN & SONSINC. — 


Minneapolis 5, Minn. 


Operating Characteristics of i rcal Fractionating Columns, P. L. Brandt, 
R. B. Perkins, Jr. & L. K. verson, AP) ann. em Chicago, Nov 14, 46. 

Evaluation of Laboratory Distillation Apparatus, F. C. Collins and V. Lantz, 
API annual meeting, Chicago, Nov 14, 46. 

Developments in the Carbon — Industry, Ira Williams, API spring meet- 
ing, Amarillo, Texas, Ma 

—— and Properties of Piya amniiboe of High Molecular Weight, Part 
IV, Robt. W. Schiessler, H. Herr, A. W. Rytina, C. A. Weisel, F 
Fischl, m. is McLaughlin & H. H. Kuehner, API midyear meeting, St. 
Louis, Mo., June 2 ,47. 

Components of Gasoline, Cecil E. Boord, API midyear meeting, St. Louis, 
Mo., June 2-3, 47. 

Engine Knock & Molecular Structure of Hydrocarbons, Wheeler G. Lovell, 
API midyear meeting, St. Louis, Mo., June 2-3, 

Maintenance of Tubular Heat Exchangers, - Housman, API midyear meet- 
ing, St. Louis, Mo., June 2-3, 47. 

Importance of Flexible Pipe Supports, E. W. Stothart, API midyear meeting, 
St. Louis, Mo., June 2-3, 

Refiner’s Look at Gasoline callie. A. P, Frame, API midyear meeting, St. 
Louis, Mo., June 2-3, 47. 

Fuels for Jet and Gas- Turbine pen, A. J. Nerad, API midyear meeting, 
St. Louis, Mo., June 2-3, 

Nowata Road Tests and Then’ Economic Significance, K. C. Bottenberg, 
API midyear meeting, St. Louis, Mo., June 2-3, 

aed Characteristics of Combustion in the ATSM- CFR Knock-Test Engine, 

M. Barber, L. E. Endsley, Jr. & T. H. Randall, API midyear meeting, 

= Louis, Mo., June 2-3, 47. 

Correlation of Accelerated and Laboratory Storage Measurements of Gasoline 
Stability With Field Stability, E. L. Walters, API midyear meeting, St. 


Louis, Mo., June 2-3, 47. 
Application of Steam- Jer Ejectors in the Houdry Fixed-Bed Catalytic Crack- 
. om & A. W. Hogue, 


ing Process (In 2 Parts), Philip Freneau, 
ASME _ semiannual eva | —o June 18, 

Refinery Corrosion Problems, E. E, Kerns, ASME Nov'l Conf., Tulsa, Okla., 
Oct 7-9, 46. 

Mechanical & Metallurgical Control of Sulphuric Acid Corrosion in Petro- 
leum Processes, E. R. Wilkinson, ASME Nat’l Conf, Tulsa, Oct 7-9, 46. 

Air me Oa Ns. Instruments, Vv. Vv. Tivy, ASM. Nat'l Conf., Tulsa, 
Gkla., Oct 7 

Hydraulic De- Coking, A. F. Welsh, ASME Nat’l Conf., Tulsa, Okla., Oct 

6. 


Refiner’ s Viewpoint of Electric Power Use, W. H. Stueve, ASME Nat’! Conf., 
Tulsa, Okla., Oct 7-9, 46. 

Some Mechnical Difficulties in High Temperature Crackin ane Suggested 
Solutions, E. W. Griscom, ASME Nat’l Conf., Tulsa, Okla., Oct 7-9, 46. 

Suspended Wali Linings for Catalytic Regenerators and TCC Kilns, H. O. 
Johanson, ASME Nat’! Conf., Tulsa, Okla., 7-9, 46. 

Equipment for Low Cost Oxygen Production, F. J. Jenney & Martin J. 
Conway, ASME Nat’! Conf., Tulsa, Okla., Oct 7-9, 46. 

Combustion of Coke Deposit on a Synthetic Bead Cracking Catalyst, > A. 
Hagerbaumer & Russell Lee, ASME Nat’l Conf., Tulsa, Oct 7-9, 

Multi-Layer Construction of Pressure Vessels, O. R. Carpenter, ASME’ Nat'l 

Conf., Tulsa, Okla., Oct 7-9, 46. 

Tentative Partial Enthapies of the Lighter Hydrocarbons, B. H. Sage, R. H. 
Olds & W. N. Lacey, ASME Nat’l Conf., Tulsa, Okla., Oct 7-9, 46. 

Comm rcial TCC Operations on Partially Vaporized Charge Stocks, iH. D. 
Noll, A. W. Hoge & D. M. Luntz, NPA annual meeting, Atlantic City, 
N. J., Sept 18, 46. 

















(Above) Super 500,000-lb. capacity, 14” 
dial. (Below) Packer Special, Capacity 
40,000 Ibs., 6” dial. 18 other models for 
ever ry drilling, well servicing, or work-over 


| | nee 
2 MODELS 
to choose from 
With a LINE SCALE you know 
the pull on the line, and the 
weight on the bit in pounds. Re- 
peated tests prove the accuracy 
and dependability of LINE SCALE 
readings under all working condi- 
tions... even in areas of rapid 
temperature changes. 


LINE SCALE CO.., Inc. 


Box 4245 Oklahoma City Phone 6-1765 
























ouston 4, Texas—J2-1107 





tase 
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Design of cee Vessels for High Temperature, High Pressure Reactor 
Service, B. M. Wedner, E. W. Jacobson, T. G. Beckwith, ASME Naf] 
Conf., Tulsa, Okla. -» Oct 7-9, 46. 

Arsenic As a Corrosion Inhibitor in Sulfuric Acid, A. Wachter, R. S. 
Treseder & M. K. Weber, NACE annual ae Chicago, Apr 7-10, 46. 

Phillips Cycloversion for the Smaller Refinery, M. M. Conn, NPA semi- -annual 
meeting, Cleveland, Ohio, Apr 17-18, 47. 

Straight Run Answers the Burning Question, i. Fagg C. H. Van Hartes- 
veldt, NPA semi-annual meeting, Cleveland, “Obio, A r 17-18, 47. 

Effect of Temperature in TCC Catalytic Cracking, H. D. Noll, R. E. Bland & 
G. Kelso, NPA semi-annual meeting, Cleve and, Obio, Apr 17-18, 47. 

Stop Gap Procescses vs. we eee David Read, NPA semi-annual 
meeting, Cleveland, Obio, April 17-18 

Future Economic Trends, John D. Clark, NPA semi-annual meeting, Cleve- 
land, Obio, Apr 17-18, in 

Foreign Petroleum Refining, C. J. Bauer, NPA semi-annual meeting, Cleve- 
land, Obio, Apr 17-18, 47. 

Evaluation of Sulphur Compounds i in Gasoline, F. C. Moriarity, NPA annual 
meeting, Atlantic City, N. J., Sept 18-20, 46. 

Concurrent Vapor Phase and Mixed Phase Operations on the Paulsboro TCC 
Unit, H. D. Noll, NPA annzal meet, Atlantic City, N. J., Sept. 18-20, 46. 

Octane vs. Conservation, Col. Ernest O. Thompson, NGAA annual meeting, 
Dallas, Texas, Apr 17-19, 47. 

Refiners Viewpoint of Electric ae. Usage, W. H. Stueve, PEPA annual 
meeting, Tulsa, Okla., Dee 3-4, 

Use of Electric Power for Pumps a Compressors in Oil Pe, Fred 
Wetzel, PEPA annual meeting, Tulsa, Okla., Dec 3-4, 

An Approach to the Selection of Compression Ratio as Related to Fuel 
Antiknock Quality, Errol J. Gay & Henry T. Mueller, SAE annual meet- 
ing Detroit, Mich., Jan 6-10, 

Motor Fuel Trends in Relation to Anti-Knock Requirements, T. H, Risk 
& Jane F. Jordan, WPRA annual meet., San Antonio, Tex., Mar 24- 26, 47. 

Synthetic Fuel Production by the Hydrocol Process, P. Keith, WPRA 
annual meeting, San_Antonio, Texas, Mar 24-26, ‘47. 

Petroleum-Chemicals, Col. M. B. Chittick WPRA annual meeting, San 
Antonio, Texas, Mar 24-26, 47. 

Various Factors in the Future Supply and Demand Pictures, .. A. Swensrud, 
WPRA annual meeting, San Antonio, Texas, Mar 24- 26, 


NATURAL GASOLINE AND CYCLING 

Calculated Recoveries by Cycling From a Retrograde Reservoir of Variable 
Permeability, M. B. Standing, E. N. Lindblad & R. L. Parsons, AIME 
Pet, Div., os An eles, Oct 24-25, 46. 

ae in High Pressure Gas- Condensate Wells, Jack W. Waechter, 

ME, Austin, Texas, Dec 46. 

Valaccion of Gas Condensate Reservoirs for Cycling, Wm, H. Justice, AIME, 
Austin, Texas, Dec 46. 

Preventing Corrosion in Gas-Condensate Wells, P. L. Menaul & P. P. Spaf- 
ford, AIME annual meeting, New York, Mar 17- 22, 47. 

Some Uses & Limitations of Model Studies in Cycling, D. L. Marshall & L. R. 
Oliver, AIME annual meeting, New York, Mar 17-22, 47. 

Evaluation of Gas Condensate Reservoirs for Cycling, Wm. it Justice, AIME 
annual meeting, New York, Mar 17-22, 47. 

Gas-Condensate Reservoirs—A Review, O. F. Thornton, API annual meeting, 
Chicago, Nov 14, 46. 

Corrosion in «4 condensate Wells Successfully Minimized With Ammonium 


has pa 2 i7-22, YY & Paul L. Menaul, AIME annual meeting, New 








Valuation of Reservoirs for Cycling, W. H. Justice, AIME annual meeting, 
New York, Mar 17-22, 47. 

Signicance of Fluid Properties in Gas-Condensate Reservoir Engineering, 
C. K, Eilerts, ASME Nat’l Conf., Tulsa, Okla., Oct 7-9, 46. 

wero Outlook for California LPG, Clare Gard and Hugh F. Colvin 

GA fall meeting, Los Angeles, Oct 1 1, 46. 

The pon BA of Automatic Controls to Gasoline Plant & Refinery Proc- 
esses, E. H. Reynolds, Wm Troutman & Gordon Lawn, CNGA fall meet- 
ingfi Los —— Oct 11, 46. 

Statistical Analysis of Test Containers for Condensate pay! Gomegen Studies, 
Vv Kendall, NACE annual meeting, Chicago, Apr 7 

Alloying Steels for Corrosion Resistance to Gas Coe denies Fluids, K. 
Eilerts & Faye O. Greene, NACE annual meeting, Chicago, at 7-10, 47. 

Chimney Liner Corrosion Resulting From Gas Fired Furnaces, John- 
son, NACE annual meeting, Chicago, Apr 7-10, 47. 

Progress R Report 1946-1947, NGAA Corrosion Research Project Committee, 

Bacon, NGAA annual meeting, Dallas, Texas, Apr 17-19, 47. 

—— to Cycling of Gas Injection Below Normal Gas- Water Contact, 

Hensley, NGAA annual meeting, Dallas, Texas, Apr 17-19, 47. 

Mobile Laboratory for Gas Condensate Studies, Dr. E. H. Koepf, NGAA 
annual meeting, Dallas, Texas, Apr 17-19, 47. 

7 in Processing Gas Condensate Reservoirs, Frank H. Dotterweich & 

O. Bennett, NGAA annual meeting, Dallas, Texas, Apr 17-19, 47 

Natural Gasoline Looks Ahead, G. G. Oberfell & R. C. Alden, NGAA an- 
nual meeting, Dallas, Texas, Apr 17-19, 47. 

Nowata Road Tests, K. C. Bottenberg, NGAA annual meeting, Dallas, 
Texas, Apr 17-19, 47. 

Place of Natural Gasoline and the NGAA in the Petroleum pew. 5, Was 
Dunn, NGAA annual meeting, Dallas, Texas, Apr 17-19, 


PIPE LINE 
Pipe Coatings & Corrosion Research, R. F. Hadley, ACS regional meeting, 
Dallas, Texas, Dec 12-13, 46. 
Present-Day Motor Vehicle Situation and Outlook for the Future, E. W. 
Jahn, ACS regional meeting, Dallas, Texas, Dec 12-13, 46. 
Use of Corrosion Inhibitors in a Pipe Lines, Ivey M. Parker, API an- 
nual meeting, Chicago, Nov 4, 46. 
Use of Dehydration in Combatting Internal Corrosion in Products Pipe-Line 
Systems, Harry K. Phipps, API annual meeting, Chicago, Nov 14, 46. 
Recent sag, Om in Pipe- ae Technology, H. H. Anderson, API annual 
meeting, Chicago, Nov 14, 

Dey of Long Distance oe Gas Transmission Lines, . G. Strong & 

Beals, API spring meeting, Pittsburgh Apr 18, 

oui eaceetes Data on 20 and 24-In. Fluid Lines, N. ees ASME, 
Nat'l Conf., Tulsa, Okla., Oct 7-9, 46. 

a ‘of Pipe Protection by the Continuous Polarity Method, Wm 

Huddleston, NACE annual meeting, Chicago, Apr 7-10, 47. 

edenian and Location of Anode Systems for oy Protection, D. B. 
Good, NACE annual meeting, Chicago, Apr 7-10, 

Electrical Measurements in Cathodic Protection, 3. M. , NACE an- 
nual meeting, Chicago, Apr 7-10, 47 

Results Obtained With Pearson’s Holiday — A. , Cramer & W. R. 
Fraser, NACE annual meeting, Chicago, 3 7-10, 47. 

Disposal "of Big Inch Pipe Lines, statement Ralph K. Davies before 
select committee to investigate . Osition m surplus property of ae 
of Represenatives, Dec 4, 1946, PEPA annual meeting, Dec 3-4, 

Future Use of Electric Power for Pipe Line Pumping, A N Horne, CEPA 
annual meeting, Dec 3-4, 46. 








ECOLITE 
SZBM 


WITH LOCKING 
DEVICE AND SEALS 





















TWICE 
APPROVED 


for 


DOUBLE SAFETY 


APPROVED BY 
U.S. BUREAU OF MINES 
UNDERWRITERS’ LABORATORIES 


—for use in atmospheres con- 

taining Methane or natural gas, 
gasoline or petroleum vapors. | 
This double-safety lantern has 
a tamper-proof reflec- 
tor and cover with lock- 
ing device and seals. 
Throws 1500 ft. beam. 
Instantly ejects broken 
bulbs from battery cir- 
cuit. Large handle — 
360° pivoting feature 
gives direct illumination 
where needed and leaves 
both hands free for work. 


Now at Supply Stores 


ECONOMY ELECTRIC LANTERN CO. 
3100 W. CHERRY ST. MILWAUKEE 8, W 
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WISCONSIN 4-Cooted-ENGINES 
RUN Whether the Weather is WITH you or AGIN’ You! 


This typical Wisconsin-powered pipe line installation, doing duty in Okla- 
homa, is out in the open, exposed to all kinds of weather at all seasons. 
And that's where Wisconsin Heavy-Duty Air-Cooled Engines demonstrate 
their true worth, year in, year out. 
tension outside magneto, equipped with impulse coupling, assures posi- 
tive firing and: quick, easy starting in any weather. 
cooling eliminates cooling chores and troubles. Heavy-duty serviceability 
reduces layups and maintenance costs to a minimum. 


WISCONSIN MOTOR 


Corporation 
MILWAUKEE 14, 


iS. World's largest Builders of Heavy-Duty Air-Cooled Engines 


Weather-sealed, rotary type high 


High efficiency air 





WRITE TO HARLEY SALES CO. 


— Building, Tulsa, Oklahoma 


& M Building, Houston, Texas 


Oil field distributors for Wisconsin 
Engines and all types of utility units. 


WISCONSIN 
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